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The papers presented at the: Twenty-Second Annual
Conference of the Military Testing Association (MTA) came from the
military, government, educational and business communities of the United
States, Canada, Britain, Australia, West Germany and Belgium. The views

expressed in them are those of their authors, and not necessarily those
of the organizations which they represent.
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KEYNOTE ADDRESS TO THE MILITARY TESTING ASSOCIATION
LIEUTENANT-GENERAL HA CARSWELL
27 OCTOBER 1980

Mr. President and Mr. Chairman, Ladies and Gentlemen. Good
afternoon, and welcome to Toronto and to Canada from the Canadian Forces
Personnel Applied Research Unit, and, indeed, from the Canadian Forces.

I understand that LCol Rampton is both your President and your Chairman,
and I would like to express my appreciation to him for giving me the
opportunity to be here today before this very distinguished group.

g
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You have heard who I am and something of my background. You may
have observed that I have spent all of my career until 1977 outside
National Defence Headquarters. You may well ask, therefore, what
qualifies me to give a keynote address to a meeting of the Military
Testing Association? It is true that I do not have long experience in
this type of work. What I do have is a responsibility for policies and
decisions affecting large numbers of people as well as military
effectiveness, and I also have an appreciation that those decisions need
the type of advice and assistance that only you can give. That may be a
marginal qualification, but it cectainly is based on a sincere concern

with what you do. I could be described as a vitally interested consumer
of your services.
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As I have been asked to set a keynote for your meeting, I would
make it "cooperation between you the researchers and those of us called
planners and policy-makers”. Actually, that is all I was asked to do, so

‘ I could sit down now. But to justify my trip from Ottawa I would like to
take a few minutes to expand on the basic theme.

o gt
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During the past few years I have become acutely aware of a
tendency for Western Armed Forces to emphasize equipment technology
perhaps at the expense of not giving due attention to the need for
personnel to operate that equipment, and, indeed, to the needs of those
personnel. T except that we may soon reach a point where the human
element could be the limiting factor (both quantitatively and

S : qualitatively) in the effective operation of some of our weapons
_;; ) systems. It is the task of all of us to ensure that this does not
23 : occur.

With that in mind, there are two themes that run through what I
have to say to you today. First, we need to learn how to make better use

37 )
ER
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} of our behavioural science knowledge; and second, behavioural scientists ;

: i have to improve their ability to translate their knowledge and the :

4 : - results of thelr research, so as to make it even more useful to policy ;
35 { makers. %
E, In the next few minutes, I'd like to review some evidence that, to é
# me, foretells personnel problems that must have an impact on persocunel :
ii planning for the future. Secondly, I'll provide some examples of ;
8 behavioural science input that has been used in the development of 5
) special manpower programmes in the Canadian Forces. Then, I'd like to )
'i? suggest how we, the policy makers and planners, and you, the behavioural :
qf science advisors, can work together to help solve our personnel problems g

and to learn how we can best adapt to change.
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Military institutions, especially those dependent on volunteers
for recruits, are extraordinarily sensitive to social and economic
changes in their host societies. This connection has been demonstrated
in studies that indicate that these trends, including socio-demographic
change, affect the forces' ability to attract, train, retain and
effectively employ its manpower. Briefly here are some of the more
critical Canadian trends, which seem to be paralleled in other western
nations:

~ We are seeing a drastic reduction in the size of what has been
our prime recruiting population, that'is the 17 to 24 year old
males. This trend is forecast to continue at least to the end
of the century.

~ There has been a significant increase in the leel of education
of labour force entrants. This 1s changing their preferences
and expectations, making them less likely to pursue a military
career and more likely to voluntarily OPT out of military
service if they do enter.

! - There is a trend towards early skill acquisition among youth
through attendance at community colleges and other civilian
vocational training institutions. This trends to render
military trade training less attractive and, in some cases,
even redundant.

- There is an increasing demand for high-skill technicians, a
demand that will soon far exceed supply. As our technology
becomes more complex, our technicians must become more skilled,
and ‘thus more attractive to industry.

T T = S TN

- There is much increased demand for family stability driven by a
variety of factors, not the least of which is the increasing
incidence of more than one salary earner in the family.

- Another factor that has had, and will contiimie to have, an
impact on military personnel policies is Human Rights
Legislation. The Canadian Human Rights Act was brought into
feree in 1978, and it prohibits discriminatioun for a large
number of factors, the most significant of which, from a
military point of view, are sex, age and marital status. This
social development will have great significance to our military
forces.

These are just some of the factors that are bound to affect us.
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Tn Canada, and I understand in other nations as well, the military
has not always kept pace with these changing social and economic
realities. For example, until very recently, we have concentrated our
recruiting effort almost exclusively on the segment of the manpower pool
which includes the least educated and the most turunover-prone of the
Canadian labour market. This has resulted in recruiting shortfalls and
in increased personnel training and replacement costs. Recently, we have
started to turn this around. Following the advice of our researchers, we
have taken positive steps such as to subsidize tradesmen in gpecialized
courses, for instance marine engineering techrical training which is
given in civilian institutions. Also, we have started to look seriously
at our recruiting practices. We are considering giving advance standing
to individuals holding civilian skills that parallel those required in
the forces. We do this in special cases now, but we plan to broaden the
programme a good deal. These plans, the marine epngineering training, and
trade skill recognition are two examples of ways to hold down training
costs and take advantage of labour market trends.

Obviously, military forces must evolve as society changes. At the
same time the military is unique. Certain aspects of the military, such
as the concept of command, and unlimited liability set them apart from
the rest of society. There iIs much that is unattractive about military
life, and one could question why anyone would join. Many of the things
that lead people to enrol, and stay in, are related to those very things
that set the military apart from society in general. Thus there aie
risks involved in making social changes too quickly. The chuallenge is to
find the balance between changing enough to remain credible, but at the
same time preserving those peculiar military institutions, values and

traditlons which make a positive contribution to effectiveness and
morale.

These are the types of problems that we face, and it 1s safe to
say that my colleagues and I are becoming more sensitive to the need for
behavioural science help to enable us to make better decisions in solving
them. My counterpart in charge of materiel, for example, has argued
strongly for the need for behavioural scientists on ail committees and

working groups responsible for the procurement of new equipment. This
includes weapons systems.

One of our personnel programmes, The Land Operations Trade
Reassignment Programmes (LOTRP) is a classic case of how behavioural
science research can be used for direct improvement. LOTRP was designed
to regularize the supply of personnel into the combat arms trades and to
reduce overall attrition in the CF. It provides combat arms personnel
with the right to move to other skill areas within the military after
serving for a given period. 1In this way they can realize both their
mobility aspirations and their wish to acquire technical skills.
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Researchers at the Canadian Forces Personnel Applies Research Unit (the
unii commanded by LCol Rampton, your Pregident) worked hand-in-glove with
our policy makers to develop and implement this program in 1976. Its
creation was based partially on the trends in society that I mentioned
earlier. LOTRP appears to have worked quite well, as attrition has
reduced, and further, the experienced combat arms soldier has brought
maturity and stability to the young recruits in his new training group.
We want to test that perception, though, so we plan to do a full-scale
evaluation of LOTRP's effectiveness in the near future. Our behavioural
science researchers will play a large part in that evaluation.

A more global use of our behavioural specialists is in our
employment-of-women studies. Since January, we have been conducting a
series of trials on the introduction of women into land combat support
units; on a support ship of our fleet; to an isolated base in the high
Arctic; and, as aircrew in non~combatant aircraft. Our behavioural
science advisors have assisted to a very great extent in developing
evaluation strategies and they will be providing analyses of data to the
trials directors on a continuing basis. Our decisions regarding where
and how to employ women in our force and how to overcome the problems of
fully integrating women will depend on the results of this series of
trials.

The programmes that I have talked about are just some examples of K
how behavioural science has of been help to us. I would not, however, ‘o
want to leave you with the impression that the Canadian Forces have found
a magic formula for making optimal use of the results of personmnel
research. The fact is, that in order to successfully grapple with our
personnel problems of the future we must foster and extend the
cooperation that now exists between the researcher and the operator, and
between the researcher and the policy maker. (I1'll leave the question of
cooperation between the operator and the policy maker to your
imagination). Our problems of manning and our problems of the interface
between penple and technological advances will increase. It follows from
this that all of our future programmes must be evaluated in terms of
their impact on our ability to maintain appropriate personnel quantity
and quality levels. We must think in terms of both cost and operational
effectiveness, with the latter being the driving consideration because it
is our reason to be. These evaluations will provide a challenge for our
behavioural researchers. There will be a special challenge for those
concerned with developing better methods of human measurement.

PR R R POy N L I

One of the reasons that we need specially trained researchers is
that laymen, like me, too easily jump to conclusions. It is of great
concern to nme, and I'm sure to others in positions similar to mine in our
respective forces, that personnel researchers not only study and raise
problems, but, that their results provide advice and guidance towards
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practical solutions. Handing me a research report that concludes only
that more research is required, is not very helpful. A large number of
our problems beg immediate solutions and they cannot wait until "all the
facts are in". Usually the decision maker does not have the luxury of
time to wade through thick, inconclusive reports or to wait for the
“further definitive report” which may never come. Speaking about the use
of research results that are already known, we muct search for ways in
which this knowledge can be brought to the attention of decision makers
and also to the aid of those who operate our personnel system. We are
considering a number of ways to do this. One promising proposal calls
for the employment of "staff implementors” who are trained in research.
These advisors would collate material and would work directly with policy
makers and personnel manag-rs.

The point I want to emphasize 1s that we must find more direct
means of putting behavioural science research findings into practice. We
must learn to take full advantage of your know-how to help solve manpower
problems that face us. We share a responsibility to ensure that this
occurs. You, the researchers, must strive to translate your results into
usable form for policy implementation, and we, the policy makers, must
learn to make full use of the knowledge and experience available. In the
last fifty years or so, we have come to rely on the engineers and
physical scientist to provide technically sophisticated equipment to
increase our battlefield effectiveness. For the next few decades, it is :
likely that behavioural scientists like yourselves will be equally ‘s
important in helping to ensure that we have the right numbers and the '
right kind of skilled personnel to exploit that equipment to the full.
The man/machine interface may not be the most critical topic of study in
this regard. Interpersonal dynamics such as indoctrination and
socialization, unit cohesion, and, leadership practices may prove to be
the crucial elements in our ability to develop and maintain effective
forces for defence.

It should be obvicus now that I fully support your organization
and I want to express a deep sense of gratitude to those of you who work
for us in the behavioural science areas. Your efforts to come to grips
with the complex problems facing us are now receiving a measure of the
acclaim to which they are entitled.

In conclusion, I'd like now to speak as a decision-maker to you as
researchers., I would think that I speak for most of my group when I
direct your thoughts to the following matters which concern all military
organizations.

- How can we identify and then describe the command and
leadership structures required for the battlefield of the
future? A battlefield where better educated and socially aware
soldiers will function in smaller, more independent groups?

-17 -
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Can we measure and reconcile the incompatibility between the
' needs of the military force, and the needs and aspirations of

Xy

Ay

the individual?

AN Uk

=~ How can we measure the effect of different rotation practices
gﬂ on unit cohesion? To what extend do one~for-one exchanges

9 degrade unit performance?

h

g - What will happen to military participation as family styles

% change? What can be done to meet the needs of families where
5 both spouses are employed?

N

f{ -~ Can we measure the difference in attitudes and values between

operational and support personnel? If there is a significant

difference, how can it be reconciled to maintain the integrity
of combat teams?

o

é - How can we find the balance between the need to change, and the
j- need' to preserve the uniqueness of the military?

%a § That is only a short and partial list but it should go a long way
;@ ! to illuetrate the extent to which we planners need your help.

A |

&

We all are serving in exciting times 2ad I envy you the mental
stimulation of your work. (Not that my job is dull) As I said ai first,

"our key word and key note is cooperation”. I wish you well in your
search for the answers to our questions.
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This section contains copies of the papers presented, arranged
alphabetically by principal author. The pages have been numbered using
letters followed by numbers. The letters are the first ones of the
principal author's surname, the minimum number of letters needed to
distinguish him or her from other authors. The numbers are simply the
page numbers of the paper. For example, the paper by Smith is numbered
from SM-1 to SM-10. If a paper was not received before the publication
deadline, only the abstract is included.

A

No attempt has been made to edit papers. Therefore, their
correctness is the sole responsibility of their authors.
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TECHNIQUES FOR TRANSLATING TESTS OF

PSYCHOMOTOR SKILLS INTO WRITTEN TESTS

Frank M. Aversano, Ph. D.
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A Paper Presented at the 22nd Annual Conference of the Military Testing

Association, Toronto, Ontario, Canada, October 29, 1980.
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The views, opinions, and/or findings contained in this paper are those of

the authors and should not be construed as am official Department of
position, policy, or decision.
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Introduction 2

The belief that the reading ability of enlistees has declined, the
dislike and fear of testing among enlistees, the flight from high school,
and the need to preduce reliable tests of high fidelity to manage training,
are four reasons among many for the movement toward hands-on testing, and
away from written testing. Accordingly, a large portion of US Army testing
employs the hands-on approach to testing. ,The Hands-On Test (HOT) is that
part of the Skill Qualification Test (SQT)~ which tests the soldier's
ability to perform,critical tasks on actual job equipment or simulators
(Guidelines, 1977) . 7The HOT is a highly structured test which must be
administered and scored according to very specific instructions. All
evidence suggests that the HOT is well received by the field and is one
of the best training tools available because it tells commanders and
soldiers where to direct training. The major complaint about the HOT is
that it requires extensive equipment, people, time and other resources
to administer, although recent HOT development guidelines have changed
to allow production of HOT that can be administered in a typical unit.
Nevertheless, it has not always been possible to test soldiers in the
hands-on mode because soldiers are assigned away from units that could
support the testing, equipment is not accessible, and there is a lack of
qualified personnel to administer the test. Since Army testing is critical
to the management of training and the selection of individuals for promotion,
and the tasks tested in the HOT are critical, an alternative method to the
HOT had to be found. Furthermore, the method had to be inexpensive, easy
to administer, reliable, and valid. The method used was to return to
paper based testing using illustrated writter items. The test is called
the Alternate Hands-On Test or AHOT. The rationale behind this decision
was that soldier training would be improved if some type of test feedback
was available. The purpose of this study is to review the techniques of
writing these items and review data on the validation of these items.

2. The authors wish to express their appreciation to MAJ Melvin H. Sutton
of the US Army Transportation School for his help in securing the data for
this study.

3. The other parts of the SQT are the Job Site Ccmponent (JSC) and Skill
Component (SC). The SC is a performance-based, highly illustrated written
test, while the JSC tests the soldier during performance of his job.

4. The two major sources for this paper are TRADOC Pamphlet 351-2 (Draft),
Guidelines for the Development of Skill Qualification Tests, 1980, and TRADOC
Pamphlet 351-2, Guidelines for the Development of Skill Qualification Tests,
Dec 1977. 1In the text of this paper they will be referred to as (Guidelines,
1980) and (Guidelines, 1977) respectively.
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; Part I - AHOT Techniques
The techniques for writing AHOT are not unlike those techniques used

for writing items for a paper and pencil test. One of the major differences
is that the item writer has the benefit of the HOT (described above). This
includes the HOT scoresheet which is a behaviorally stated checklist of task
performance steps. Figure 1 is an example of a typical HOT scoresheet. The
scoresheet or checklist supplies the item writer with behavioral statements
on which to base written items, limits the writer to the performance steps

3 tested in the HOT, and focuses his attention on the critical areas. This

1 technique increases the face validity of the AHOT and increases the content

% validity as assessed by subject matter experts. Item writers are typically

‘; senior non-commissioned officers (NCO) with recent job experience. In

e addition to their own experience, item writers use field manuals, technical

3 manuals, and a Soldier's Manual as a content source for items. The Soldier's

i Manual is the result of extensive job- and task analysis, and contains task

statements that describe some relatively small part of a soldier's job. In

addition to the task statement, the Soldier's Manuai contains a description

of the conditions under which the task is usually performed, the standards

of performance, and the steps which describe accomplishments of the task

from beginning to end. These steps are referred to as performance measures

or performance steps. An example of a Soldier's Manual page is provided at

Figure 2. What follows is a step by step description of the techniques used

for writing AHOT based on the steps provided in the Guidelines (1980), while

the discussion of these steps is provided by the anthors. l

1. Review Task Conditions: The first step in writing AHOT is to review the
task conditions. Task conditions are th: "giverns" in a situation, and the
environment within which the task usually occurs. Task conditions must be
reviewed because the item writer must simuiate them as closely as possible.
Tho assumption here is that the closer the conditions are to the actual job
situation, the more valid the test will be. The item writer must first list
the conditions, that typically surround the task by reviewing the front-end
analysis and the HOT. After this list of conditions is established, the
item writer must decide what conditions are most critical and then decide

25 how to duplicate these conditions in the written test question. Two options
e ' are available to the item writer: reproduction or simulation. The best

‘ choice usually is reproduction because once again we believe that the less
removed from the actual job the more valid the test item. For example, job
performance aids used on the job like checklists, schematics, and tables can
be easily reproduced in a written test as can pages from technical manuais
and forms.

Conditions that cannot be reproduced, such as actual pieces of equipment
like tanks, landing craft, weapons, and tools, or environmental conditions,
like temperature, wind velocity, sand storms and rainfall, must be simulated.
The best simulations involve pictures, illustrations, drawings or some other
non~verbal method of describing the job conditions. The least effective,
but cheapest and most often used method is the written word. An advancage
of the written word is that it allows the item writer flexibility in simulating
conditions. 1In fact, most AHOT contain a brief written statement called
Ygeneral situation" which attempts to place the soldier in a realistic job
situation.
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2. Write the item. The next step is to write an item that is a match to a
performance measure in the HOT. When an item is a match it covers the exact
same content as the performance measure. The goal is to produce a typical,
symbolically presented, criterion-referenced item that states a problem in
the stem and offers five alternatives from which to select. However, the
item writer does have two types of written items available to him -~ the
performance-based item and written-performance item. A performance-based
item 1s an item that asks questions about correct task performance. The
items are based on the examinee's knovledge of correct performance of the
task even though he does not have to perform the task to answer the items
(Guidelines, 1977, pl-7). Performance-based items are the most removed

from the job situation and probably present the greatest threat to validity.
Nevertheless, performance-based items still make a conmtribution to our
knowledge of examinee capability. The Guidelines describe the value of this
type of item very clearly: "While knowing how to do a task does not prove
that a soldier has the physical skill to do it, solriers who do not know how
to do the rask cannot do it (the task) in any case. Therefore, soldiers who
fuil this kind of alternate test probably cannot do the task. Soldiers who

pass it may or may not have the gkill to do the task.”" (Guidelines, 1980,
p 149)

Three types of performance-based items exist with two modes of presenta-
tion. The two modes of presentation are written items and written items with
i1llustrations. Performance-based items that use illustrations appear to be
the most valid because they simulate stinuli that are found on the job, The
three types of performance-based items are as follows:

Knowledge Item. This type of item asks the soldier if he knows what to do
while performing some physical task. The item is most useful when it is
accompanied by an 1llustration because illustrations can be used to test
recognition. For example, regarding the task, "Don the Protective Mask,"
the soldier can be shown a picture of soldiers performing various steps of
the task and asked if the performance depicted in the picture is correct or
incorrect. The assumption here is that the soldier who is capable of
recognizing correct task performance is more likely to be able to perform
the task than a soldier not able to recognize correct task performance.

Sequence Item. The sequence item asks the soldier either when some task
should be performed or the order in which it should be performed. The
information is critical to correct task performance and we once again
believe that the probabilities for successful task performance are greater
for soldiers who have this knowledge than for soldiers who do not have it.
For cxample, a soldier is shown a slide for six seconds and asked when he
should throw the grenade. The slides show out-of-range enemies, in-range
enemies, friendly personnel, and tanks.

Sub~Step Simulation Item. In this type of item the soldier is asked to
simulate scme sub-step of the task. For example, the soldier could be

asked tc mark the correct keys on a typewriter or trumpet that would produce
a particular letter or note. However, the sub-step simulation is not
recommended.
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i The other major type of item is the written-performance item. In a written
performance item some tasks or parts of tasks can be performed almost exactly
as they are on the job. These tasks are characterized by the fact that the
correct answer cannot be. recognized without performing the task (Guidelines,
1977, p 1-9). The written-performance item has excellent face validity and
has good content validity as assessed by subject matter experts who review
the items. Examples of written-performance items are those that involve
computation of travel vouchers, or computing distances between two points on
a map, or advising what rnuway to use given traffic load, wind velocity and
other factors. The performance on the test is so close in most cases, or-
virtually exact to the job situation, that one could expect the items to be
valid and predictable of performance. Unfortunately, many psychomotor tasks
do nov lend themselves to this type of item.

7 i

3. Review the AHOT. This review is performed by another subject wmatter
expert to insure that the AHOT is feasible and doctrinally aecurate.

4. Write Adminsitrative Instructions. This section involves the review and
specification of personnel and equipment needed to administer the AHOT, test
conditions, preparation before the test, administration and scoring require-
ments, and the training of scorers. The item writer must, of course, keep
these requirements to the bare minimum or-make the requirements as general as
possible, if not the purpose of the AHOT is defeated.

5. Validate. The final and perhaps the most important step in the development
process is to validate the test questions. The validation involves trying out
the AHOT with potential populations and subject matter experts followed by
interviews designed to identify problems. However, the essence of the validation
involves the AHOT ability to discriminate between soldiers who can perform the
task (performers) and those who cannot (non-performers). In this way concurrent
validity can be established for the AHOT.
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Part II - Validation

The second part of this study deals with the review of validation Jata
and an assessment of the validation to get an indication of its effectiveness.
The null hypothesis was stated as: Rpjg ¢ 0, which is to say that the
correlations between an individual's classification as a performer or non-
performer and the number of items passed would be less than or equal to

zero (p € .05).

Method

Subjects

The sample used in this study was soldiers (N = 7 per task validation)
in the US Army Transportation Corps located at Fort Eustis and Fort Story,
Virginia. The rank ranged from E-1 through E-6 with skill levels ranging
from SL1 to SL4. Data regarding the sex of the subjects was unavailable
although a majority of the subjects were male.

Procedure

: The Hands-On Tests (HOT) for the entire Tramsportation Career Management
{ Field (CMF 64) were surveyed. Only those AHOT that were acceptable according
to the Guidelines (1980), i.e., valid, were used in the study. A list of
the Military Occupational Specialities (MOS) studied is given in Figure 3.

The first step was to establish whether or not a soldier was a performer
or non-performer. To differentiate performers from non-performers, at least
four expert observers rated a soldier on task performance using the Soldier's
Manual task summary or HOT scoresheets as a checklist. Three out of four
expert observers had to agree before a subject was classified as a performer
or non-performer. At least seven subjects were required to validate an AHOT
with at least three classified as performers and three as non-performers. If
enough performers and non-performers were not available for a task, it could
not be validated and was eliminated from consideration. Items passed by at
least as many non-performers as performers, and items passed by more performers
than non-performers were used in the study. Following the validation rules
in the Guidelines (1980), any item passed by more non-performers than performers
was eliminated from future consideration in this study. A sample data sheet
is provided at Figure 4, Biseral correlations were computed using the perfor-
mance classification as the artificial dichotomus variable and the number of
items passed as the continuous variable, One directional t tests were per-
formed to determine if the correlations were significant, (p < .05).

Items used in the study were also classified as either written performance
or performance-based to determine if one type of item was more effective than
the other.

Results and Discussion

Tables 1 and 2 summarize the results. A total of 89 AHOT were sub-
jected to the validation procedure and 33 were accepted as valid measures of
soldier performance (see Table 1), A valid AHOT is operationalized as one
that discriminates performers from non-performers. Biseral correlations were
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computed on the 33 valid AHOT. Table 2 summarizes the correlations on each
one of the AHOT and indicates whetler or not the correlation was significant
at the .05 level, It also lists the MOS and the number of performers and
non-performers. Correlations ranged from -.113 to +.867 and of the 33
computed, 9 were significant. Assuming that the AHOT are valid measures of
performance, the results suggest that paper based items are of limited value
in obtaining information about psychomotor performance. However, a number

of cautions are in order because paper based itoms with illustrations have
been used effectively to predict many different behaviors. The findings may

be due to a number of design artifacts, for example, sample size was small

! and as a result the correlations may be spurious or at the very least unstable.

J Nevertheless, the nine significant AHOT were analyzed in an attempt to
discover why these AHOT were significant and why the others were not significant.
Three major variables were anzlyzed: amount of task coverage by the AHOT
items, use of illustrations and diagrams, and the type of item used (performance-
based vs written performance).

Task coverage was operationalized as the number of items divided by the
number of performance measures for a task in the Soldier's Manual times
100 percent. This number gave a percentage of task coverage. Unfortunately,
the pevcentage is not very meaningful, berause some tasks nave performance
measures (PM) that describe in detail how the task should be performed, while
other PM have very little detail. The analysis suggested that there was no
meaningful relationship between the amoun: of task coverage and the significance
of an item, although the data is not comprehensive enough to completely eliminate
task coverage as a factor.

Even though matching techniques are of dubious value, we compared the 9
significant AHOT wich 9 evenly matched non-significant AHOT to discover if
illustrated items improved the predictability of the AHOT. Wo significant
difference was found between the two groups. However, the authors believe ’

that illustrated items are more psychometrically sound than non-illustrated
items.

The other variable selected for analysis was the type of item used in
each group. It was found that the significant group used 8 written performance
items while the non-.ignificant group used 1 written performance item. A ¢ test
was performed to see if the difference was significant at the .05 level and
revealed that the difference was not significant. Even though it was not
significant, the finding may suggest where future work could be done since
written performance items offer more apparent validity than performance-based
items.

o Shdha NP e TS v he S

A major criticism of the study is that since the correlations were based
on validation data rather than actual datz, some shrinkage in the correlations
would occur between HOT and AHOT. This would further reduce the number of
significant relationships. A better study, and one planned for the future,
would be to administer the AHOT to scldiers taking the HOT using larger sample
sizes.

P
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Another criticism lies in the fact that the criterion group was established
in two ways -~ one way was to use the HOT checklist while the other was to use
the Soldier's Manual performance measures as a HCT checklist. The latter method
may not have been as accurate as an actual HOT despite the fact that 3 out of 4
subject matter experts had to agree that a subject was a performer.
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A fipal criticism of the design can be found in the number of correla-
tions computed in the study. One would expect, by chance alone, that out
of 33 correlations computed some would be significant. This 1s indeed a
justified criticism which the authors accept. The study was based upon
available data which precluded elegance in design.

Conclusion

Given the facts that the sample size is so small and that the study
was based on validation data rather than actual test data, conclusions are
tenuous. Nevertheless, the following conclusions are made.

1. The use of written items to test psychomotor performance should
be used with caution and when no other method is available.

2. Written performance items are better than performance-~based items.

3. When validating items, sample size should be increased beyond the
minimum.

4.‘

Validation criteria should be made more strict to better screen items.
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: TABLE 1
\ Alternate Hands-On Tests Validation Results
: g SQT MOS SL Number of AHOT Number Accepted
2 57H 1 11 3
3 57H 2 7 1
4 57" 3 8 3
5 574 4 8 4
2 618 1 8 1
3 61B 2 ] 4
4 61B 3 7 1
’ 5 61B 4 8 1
i 2 61C Trk 2 1% 3 3
2 61C Trk 3 1#* 3 3
3 61C Trk 2 2% 2 2
3 61C Trk 3 2% 3 3
2 61F 1 6 1
3 61F 2 6 3
? 64C 1 2 0
3 64C 2 1 0
TOTAL 89 33
*Actually two different tests.
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MOs

57H

57H

574

57"

61B

618

61B

61B

61C
Trk 2

61C
Trk 3

61C
Trk 2
61C
Trk 3
61F

61F

SL

Task Number

1119
1121
1122

2115

3011
3012
3013

4070
4066
4046
4042

1036

2080
2083
2084
2085

1036
2044
1019
1024
1040
1018
1019
10404

2001
2130

2001
2067
2124

1016

1006
1014
1016

TABLE 2

Summary of Correlations

No. Perf No. Non~Perf r SIG

4 3 .73 YES
4 3 0 NO
3 4 .84 YES
3 4 .71 YES
3 4 0 NO
4 3 ~-.11 NO
4 3 0 NO
3 4 .62 NO
4 3 .49 NO
4 3 47 NO
4 3 .49 NO
4 3 35 NO
4 3 0 NO
4 3 .47 NO
4 3 .76 YES
4 3 47 NO
4 3 .35 NO
3 4 .80 YES
3 4 .75  YES
3 4 .70 YES
3 4 .62 NO
3 4 .56 NO
3 4 .35 NO
3 4 .86  YES
4 3 42 NO 1
3 4 .64 NO :
4 3 .19 NO ?
3 4 .16 NO }
3 4 .86 YES
4 3 .46 NO
%
4 3 .41 NO §
3 4 .50 NO
4 3 .60 NO
:
5
i
=i
e vw-mwwmw = RO . '-_{135'3

TN ARty g U



FIGURE T
SCORESHEET

UNIT 2. CONSTRUCT A MONKEY FIST (TASK 551-718-2080)

INSTRUCTIONS TO THE EXAMINEE: (Read these exact words out loud,) "LET ME
HAVE YOUR ATTENTION. YOU WILL MAKE A MONKEY FIST. ALL MATERIAL AND EQUIPMENT
NEEDED TO MAKE THE MONKEY FIST IS PRESENT AND IN USEABLE CONDITION. A SEIZING
IS NOT REQUIRED FOR THE TEST. I CANNOT HELP YOU DURING THIS TEST. IF YOU
COMPLETE THE TASK BEFORE. THE TIME IS UP OR YOU CANNOT PERFORM THE TASK, LAY
THE LINE ON THE TABLE AND TELL THE SCORER YOU ARE THROUGH. A CHAIR IS PROVIDED
FOR YOU IF YOU DO NOT WISH TO STAND., (Pause) DO YOU UNDERSTAND THE INSTRUCTIONS?"
(If an examinee does not understand, repeat the instructions word for word. If
an examinee still does not understand, tell him, "DO THE BEST YOU CAN.")

Pause at least 5 seconds, then say, "YOU WILL HAVE 10 MINUTES TO COMPLETE THIS
TEST WHEN I GIVE THE COMMAND, BEGIN."

Begin timing when you give the command. After 10 mirutes, announce loudly
enough for the examinee to hear, "STOP".

PERFORMANCE MEASURES: (Product is scored.)

(Scorer: Refer to sample display board and compare examinee's monkey fist with
model.)

PASS FAIL

1. There must be three series of three turns.

2. A half hitch must be tied with the bitter end on
standing part.

3. Monkey fist must be oval in shape and no larger
than a baseball.

A S AR s ¥ T

&. Task must be completed in 10 minutes.
NOTE: Examinee's monkey i.isc zuct Tonok like the sample monkey fist mounted on
the display board. Seizing is not required.

GO NO-GO

|

STANDARD. The examinee is scored GO if he passes all of the performance

measures. The examinee is scored NO-GO if he fails any of the performance

measures, I1f the examinee receives a NO~GO, tell him why and record here

the performance measure(s) failed and a brief explanation to show the cause {
of the NO-~GO. ;

AL AL e 8 e WA SR vk

3 BN L

SCORER'S SIGNATURE |
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FIGURE 2

Sample Soldier's Manual Page

FM 55-61B

551-61B-2080

] TASK: Construct a monkey fist

CONDITIONS: Task will be performed aboard a vessel or ashore when heaving lines
i are nade, in all climate and weather conditions and under thte general supervision
E of the boatswain., Cotton line, a knife, and sail twine are required.

STANDARDS: Individual must follow procedures listed below in sequence. Monkey
fist must be oval in shape.

STEPS FOR ACCOMPLISHING TASK:

1, Place the standing part in front of the thumb.

2. Place three sets of turns around the hand going away from you.

3. Remove the turns from the hand.

4. 1Insert the forefinger in the turns, the thumb on top of the turns.
5. Place three sets of turns over the first set going toward you.
6
7
8
9

e AP IR TP 8 ¥ A

« Place three sets of turns through the first set and over the second set.
. Work slack back toward standing part.

. Tie half hitch with bitter end on standing part.
. Sew flat seizing above the half hitch.

REFERENCES: NAVTRA 10121-E, chapter 3; RT-443, chapter 1.

*___Running End

€

\ Standing Part

©

~ Completed Monkey Fist

\ Starting Last Set of Turns

MONKEY FIST
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FIGURE 3

MOS Codes and Titles

MOS Title MOS Code
e ! Terminal Operations Coordinator 57H10
5 ! 57820
‘ 57H30
o 57140
Watercraft Operator 61810
61B20
61830
61B40
Yle.tercraft Engineer 61C10 (Trk 2)
Trk 2 - Amphibians 61C10 (Trk 3)
Trk 3 - Landing Craft 61C20 (Trk 2) )
6120 (Trk 3) g
Marine Hull Repairman 61F10 %
61F20 i
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Sample Data Sheet

g
,
A

XY

Test:

Task No:

: Item Number

112131451617 18

Number of Péfformers

# Passing

e R Sahutae

1 % Passing
&
by Number of Non-Performers
b
s $
N #f Passing
2
e
ot
2
b % Passing
%
: Item Classification:
|
1 Performance-based Item -~ J

Written Item - K
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BAISDEN, Annette G., Naval Aerospace Medical Research Laboratory, Naval

Air Station, Pensacola, Florida.

AN EXAMINATION OF BLACK ACCESSION AND PERFORMANCE IN NAVAL
AVIATION TRAINING (Thu A.M.)

This paper reports on an analysis of black s+udent accession to,
and performance in, naval aviation training. The first report
described in this overview involved a comparison on all black and a
random sample of white civilian procured applicants for naval
aviation training during 1976-1978. Comparisons were made according
to performance on selection tests, recruiting area, college major,
and reasons for non-selection and declination.

The second report analyzed the performance of all black students
and a matched samp’e of white students in naval aviation training
during 1973-1976, and focused on attrition and such performance

indizes as peer rating, officer-like-qualities, academic grades, and
flight grades.

In the third report three variables, college major, grade point
average, and college racial composition, were analyzed to reveal
relationships to the variables in the study just described.

The fourth and final report examined black students and a
matched sample of white students in naval flight officer training.

Findings of these studies are discussed in terms of relevance
for recruiting programs, preparatory schools and remedial instruction.
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AN EXAMINATICN OF BLACK ACCESSION AND PERFORMANCE
IN NAVAL AVIATION TRAINING*

Annette G. Bsisden
Naval Aerospace Medical Research Laboratory
Naval Air Station
Pensacola, Florida 32508

At the request of the Naval Military Personnel Coriizand (NMPC-06C),
the Maval Aerospace Medical Research Laboratory undertook a four-part
analysis of black student accession to, and performance in, naval aviation
training. The following four reports were prepared and published:

1) "A Comparison of Black Civilian Procured Applicants and White
Civilian Procured Applicants for Naval Aviation Training." (1)

2) “A Comparison of Black Student Performance and White Student
Performance in Naval Aviation Training." (Pilots) (2)

3) "A Comparison of College Background, Pipeline Assignment and
Performance in Aviation Training for Black Student Naval Aviators
and White Student Naval Aviators.”" (3)

4) "A Comparison of College Background, Pipeline Assignment and
Performance in Aviation Training for Black Student Naval Flight
Officers and White Student Naval Flight Officers." (4)

A summary of each of the reports follows.

I. A Comparison of Black Civilian Procured Applicants and White Civilian
Procured Applicants for Naval Aviation Training.

This report compared the performance of the two racial groups on
the Academic Qualification Test (AQT) and the Flight Aptitude Rating
(FAR), the two components of the U. S. Navy and Marine Corps Aviation
Selection Tests. The subject population consisted of all the black civilian
applicants who took the tests during calendar years 1976, 1977, and
1978 (N =1,232). A comparative sample of white applicants for the same
years was developed by random selection on the basis of the last digit
of the social security number (N = 2,469). In addition to the AQT/FAR
performance, comparisons were made according to recruiting area,

e - e oD M S e G D G = G W Gt S e -

*Opinions or conclusions contained in this report are those of the author
and do not necessarily reflect the views or the endorsement of the Navy
Department.
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college major, and reasons for nonsslection and declination. Non-
selection and declination data were provided by the Navy Recruiting
Command on & sample of 8,352 white applicants and 189 black applicants.
A summary of the findings is presunted in Table I.

Table I

Summary of Findings Compering Black Civilian Procured Applicants
and White Civilian Procured Applicants for Naval Aviation

Training
Variable Finding
White applicants had a highar pass rate than black
AVIATION applicants at three cutting score levels
SELECTION
TEST White applicants scored significantly higher than
black applicarnits

- e em em M mm wm wm ee we R G G W Em O v Gw S M En W Gt M Gl o= W B PP EE e e A TR SR Gr G em e @ A @ e e

Highest percentage of black applicants were from
the Southeastern region

TEST Highest percentage of white applicants were from the
REGION Mid-Atlantic and Far West regions

Black applicants from the Rr.ky Mountain and
Texas regions had the highest pass rates

Applicants with engineering, technical and physical
science majors had the highest AQT/FAR pass rates

COLLEGE

MAJOR Social science and education majors had the poorest
pass rates

NON-SELECTION Reasons for non-selection were the same for both
racial groups

DECLINATION Reasons for declining were the same for boti 4
racial groups R
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j1 8 A Comparison of Black Student Performance and White Student Perfor-
mance in Naval Aviation Training.

The report analyzing black and white student performance in Naval
aviation training focused on rates of completion and attrition, reasons
and stages of attrition, and the indices of parformance listed below.

Peer Rating - A peer evaluation grade limited to officer candidate
students.

Officer-Like-Qualities (OLQ) - Aviation Officer Candidate grarle
based upon peer rating, instructors' observation, watch.
inspection and drill grades.

Environmental Indoctrination Final (EI) - A weighted average of
Naval Aviation Schools Command grades.

Basic Flight Grade -~ A composite of all Primary and Basic flight
grades.

Basic Academic Grade - A composite of all Primary and Basic
academic grades.

Advanced Flight Grade - A composite of all Advanced flight
grades.

i . Advanced Academic Grade - A composite of all Advanced
academic grades.

Final Overall Grade (FOAG) - A composite of all Environmental
Indoctrination, Primary, Basic and Advanced academic
and flight grades.

: All of the black students that could be idendified who entered aviation
: training during CY73-76 were used in the analyses (N = 99). Since attrition
a covaries with aviation gelection test scores and procurement source, »nd in
order to eliminate the influence of changing curricula, it was necessary to

i select a sample of white students matched on these variables (N = 127).

{
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& The findings of this study a-e presented in Table II.
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Table I

Summary of Findings Comparing Black Student Performance and

White Student Performance in Naval Aviation Training

Variable Finding

TRAINING Black student naval aviators had significantly

GRADES lower grades, with the exception of OLQ

RATE No significant difference in attrition rates by

OF race when controlling for AQT/FAR, procure-

ATTRITION ment source, and class contiguity

REASONS Black student naval aviators had significantly

FOR more flight failures and significantly less

ATTRITION Drop on Request than white student naval aviators
Black student attrition remained constant across

STAGE training stages

OF

ATTRITION White student attrition sharply decreased during

Advanced training

III. A Comparison of College Background, Pipeline Assignment and Perfor-

mance in Aviation Training for Black Student Neval Aviators and White

Student Naval Aviators,

The major objective of the third report in the series was the compari-
son of performance in naval aviation training of the black students with

the matched sample of white students in pilot training during CY73-76 in
the study just described. Comparisons between the two races were made
by college major, grade poiat average (GPA), pipeline assignments, and
frequency of completion/atirition from the pipeline.

The black student input was further anslyzed to reveal relationships
betweern the racial background of the college attended and the previously
mentioned variables.

Table 1l presents the findings of this analysis.
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Table U1

Summary of Findings of a Comparison of College Background, Pipeline
Assignment, and Performance in Aviation Training
for Black Student Naval Aviators and White
Student Naval Aviators

Variable Finding

COLLEGE HIGHEST INPUT RATES

MAJOR

BLACK SNAs WHITE SNAs

Social Science Social Science
Business Admin Business Admin
Behavioral Science Behavioral Science
Engineering Engineering

HIGHEST COMPLETION RATES

BLACK SNAs WHITE SNAs
Technical Technical
Engineering Business Admin
Social Science Physical Education
Physical Sciences Engineering
GRADE Predictive of pre-advanced academic grades for black
POINT student naval aviators
AVERAGE
No predictive validity of complete/attrite
No difference in input rates
TRAINING
PIPELINES
No difference in complete/attrite rates
COLLEGE Sixty-three percent of black student naval aviators
RACIAL attended predominantly white colleges
COMPOSITION

AQT and Basic Academic grades were higher for
graduates of predominantly white colleges
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IV. A Comparison of College Background, Pipeline Assignment and Perfor-
mance in Aviation Tralning for Black Student Naval Flight Officers and
White Student Naval Flight Officers.

The fourth and final 1 eport examined black students and a matched
sample of white students in naval flight officer training during CY73-
76 utilizing selection test scores, training grades, complete/attrite data
and college background factors. The biack sample consisted of 127
students. The white sample consisted of 189 students matched on the
same criteria as mentioned for the students in pilot training. Table IV
presents the summary of findings.

CONCLUSIONS AND RECOMMENDATIONS

In summary, this series of studies indicates that the most qualified black
college graduates are not pursuing careers in naval aviation programs. The
average AQT/FAR scores of the black applicants were lower than the average
AQT/FAR scores of the white applicants. Since these selection tests are
predictive of success in the naval aviation training program, it is not surpris-
ing that the overall attrition rate for the black student population is significantly
higher than that of the white student population.

These studies have demonstrated that when black students and white
students are equated on those variables historically correlated with attrition,
there are no differences in student pilot attrition rates. Although the student
naval flight officers (SNFOs) were equated on the same variables as the student
pilot population, the overall SNFO attrition was significantly higher for the
black students. It should be noted that the current selection test battery was
specifically developed for use in pilot selection and has less efficiency for
predicting success in naval flight officer training.

The major problem is not one of black attrition in aviation programs,
but one of failure to attract qualified black applicants. In the four years from
1973-~1976, an average of only one black per day took the selection test for
officer candidate and naval aviation programs. Even fewer made formal
application. For the years under consideration in these studies, the black
input averages into pilot training and NFO training were 25 and 32,
respectively. During calendar year 1879, only 26 black students entered
naval aviation pilot training.

= Rt et s caanet T e ™ et ranae o s ot
et e e

Inasmuch as graduates of predominantly black colleges are not repre-
sented in black inputs, more emphasis should be given to recruiting in black
schools, especially among the potentially more successful students who major
in hard sciences. Exposing blacks to aviation through such programs as
the Flight Indoctrination Program may encourage more applicants. Prepara-
tory schools, remedical instruction, roll-back and similar programs will not
significantly affect the number of black naval aviators on active duty.
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Table IV

Summary of Findings of a Comparison of College Background, Pipeline
Assignment and Performance in Avietion Training for Black
Student Naval Flight Officers and White Student

Naval Flight Officers
x Variable Finding
TRAINING Black students had significantly lower peer ratings,
GRADES OLQs, Els, Basic and Advanced academic grades than

white students

- . e e IR — T WU Gy TES GED ey W S m W e eR WP M GER GRS M WA G ue S G G WS G M WD GEn s GRS G e NS e b WS G
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RATE Black SNFO overall attrition rate was significantly
» OF higher than white SNFO overall attrition rate
S ATTRITION
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DOR highest category of attrition for both groups

AR 2
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REASON More black students than white students attrited for
\ FOR academic reasons
: ATTRITION

More white students than black students attrited for
physical and not aeronautically adapted reasons

HIGHEST INPUT RATES

BLACK SNFOs WHITE SNFOs
COLLEGE Soi:ial Science Social Science
o MAJOR Business Admin Business Admin
B Physical Science Natural Science
: Natural Science Behavicral Science
HIGHEST COMPLETION RATES
BLACK SNFOs WHITE SNFOs
Hard Sciences Hard Sciences
- BAI-7
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Table IV (Continued)

Summary of Findings of a Comparison of College Background, Pipeline
Assignment and Performance in Aviation Training for Black

Student Naval Flight Officers and White Student

Naval Flight Officers

Variable Finding
GRADE Predictive of the pre-advance training grades for white
St POINT SNFOs
AVERAGE '
No predictive validity for complete/attrite
TRAINING More black SNFOs thsn white SNFOs were assigned
PIPELINES to the Navigation pipeline
More white SNFOs than black SNFOs wers assigned
to the Tactical Navigator pipeline
No differencs between black SNFO and white SN¥O
attrition rates by pipeline
COLLEGE Fifty-seven percent of black SNFOs attended pre-
RACIAL dominantly white colleges
COMPOSITION

AQT, EI Final, and Basic Academic grades were
higher for graduates of predominantly white
colleges

No difference in attrition rates
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BANKS, Cristina Goggio, Department cf Management, The University of Texas

at Austin, Texas.

IRJ: A NEW TECHNIQUE FOR MEASURING THE PERFORMANCE RATING PROCESS
(Tue P.M.)

Valid assessment of human work performance is critical for any
organization hoping to achieve optimal wutilization of human
resources. Because performance ratings are the most frequent method
of evaluating peformance, it 1is imperative that rater accuracy be
maximized. Recently, several researchers have stressed the need to
analyze the rating process to identify the determinants of rating
accuracy. A new measurement technique, Instantaneous Report of
Judgments or IRJ, which captures decision-making processes as they
occur during performance rating, is presented. IRJ offers several
advantages over previous attempts to study process: raters report
their judgments immediately and autonomously, cue selection 1is
unrestricted, and judgments can be linked to Lhe behaviours of the
ratee. Several rating process variables are measured: number of
judgments made, wvariation in judgments wmade over time, decision
latency, and type of information selected. These variables can be
linked to others thought to be related to rating accuracy including
cognitive style, personality, and background data. Moreover, these
variables can be related directly to rating outcomes such that we may
be able to identify which rating behaviors lead to accuracy and woich

lead to error. Research findings obtained using IRJ are briefly
discussed.
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IRI: A NEW TECHNIQUE FOR MEASURLNG THE PERFORMANCE RATING PROCESS

Cristina Goggio Banks, Ph.D.

Department of Management
The University of Texas at Austin
Austin, TX 78712

Introduction

Accurate assessment of human work performance is crucial for any organi-
zation hoping to achieve optimal utilization of human resources. Human
resources are best utilized when the rigat people are placed in the right jobs
at the right rime. This requires organizations to have the ability to correctly
identiry and distinguish between high- and low-performing employees. When
organizations have this ability through valid appraisal systems, they can make
various personnel decisions to make employees productive. For example, high
performers would be promoted to more demanding jobs, average performers would
be developed through training or goal-setting programs, and poor performers
would be trained in basic skills, transferred to less demanding jobs, or
simply Jdismissed. Thus, accurate performance appraisal is critical for making
effective decisions about individual employees.

Performance ratings are the most widely used method of appraising performance.
Unfortunately, performance ratings are subject Lo a variety of perceptual and
judgmental ervors. For instance, raters tend to let their evaluation of one
performance dimension influence their evaluation of other dimensions (halo error).
Raters also tend to rate either too high or too low than they should (leniency
errory ., Some raters tend to give the same rating to all ratees (central ten-
Jenev or restriction of range error). Frrors such as these have been well-
documented (v.g. Cummings and Schwab, 1973: Dunnctte and Borman, 1979); Landy
and iarr, 1930), and they continue to plague those who use appraisal infor-
mation for miking various petrsonnel decisions. Tt is clear that the value
of performance ratinugs is diminished to the extent they are based on something
other than actuat job performance. Indeed, rating errors undermine the
utility of ratings as decision tools.

Pecause perfeormance ratings play such an important role in organizational
effectiveness, rescarchers have developed strategies for reducing errors with
the expectation that accuracy would be increased. One strategy is to design
appraisal formats that help raters minimize their error. An example is the
cevelopment of behaviovallyv-anchored rating scales (BARS; Smith and Rendall,
1963, which define each dimension in concrete, behavioral Lerms and provide
examples of actual job behaviors as anchors on the rating scale. Another
strateuy is te train raters to reduce rating errors by changing their rating
distributions (i.e. spreading ratings out) so that raters differentiated more
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between performance dimensions for each ratee and within dimensions across
ratees (e.g., Borman, 1975, 1979; Latham, Wexley, and Purcell, 1975; Bernardin
and Pence, 1980). Basically, raters are taught about various rating errors
and then shown they could reduce their error by changing their ratiag
distributions to achieve greater differentiation. A third strategy was to
increase raters' observational skills (e.g., Bernardin and Walter, 1977).
Raters are instructed to keep notes (i.e. a diary) on ratees' performance
effectiveness during the appraisal period and later use this information in
subsequent appraisals. This strategy attempts to increase the amount of job-
related information utilized by raters in appraisals. All three approaches
are aimed at increasing accuracy by reducing potential error.

Empirical studies of the success of each of these strategies suggest that
some improvement in the psychometric properties of ratings (i.e., rating error)
can be achieved without corresponding increases in rating accuracy (Borman,
1979; Dunnette and Borman, 1979; Landy and Farr, 1980). Why haven't these
strategies been successful? How could it be that there are instances in which
errors such as halo and leniency are reduced but the raters are not more
accurate? The lack of encouraging findings led researchers to take a closer
look at the process of performance rating. Could it be that raters do not use
BARS the way they were intended? Do they ignore the behavioral anchors and
consequently eliminate one of their major advantages? Is it possible that
raters cannot process all the information presented to them in BARS and thus,
simplify the forms, rendering them simple graphic rating scales? A desire
to answer these and similar questions led researchers to develop a new strategy,
that of analyzing the performance ratitg process to identify determinants of
rater accuracy and error. Researchers hope that a greater understanding of the

rating process will provide new insights into the underlying mechanisms of
accuracy.

Although many have called for an in-depth study of the rating process (e.g.,
Bernardin and Pence, 1980; Borman, 1979; Dunnette and Borman, 1979; Feldman,
1980), few researchers have actvally undertaken such studies. A formidable
problem in "process" research is employing a measurement technique that accu-
rately reflects on-going processes. This is best accomplished by having
raters report their decision-making processes verbally or nonverbally as they
occur. Delay of measurement (of even a few minutes) is likely to cause distor-
tions in processes reported because of memory decay and the tencency for deci-
sion makers to infer processes where gaps are found in memory (Ericsson and
Simon, 1980). Therefore, the greater delay between 'process’ and "process
measurement,”" the less useful thesc data are for identifying important under-
lying mechanisms. Unfortunately, the two techniques that have been used to
measure ''process" suffer from distortion problems.

One technique, regression analysis, involves the development of
regression equations which reflect the weight and thus, the importance of infor-
mation (cues) utilized in a decision. However, regression equations recover
only the functional relationships between cues and decisions; regression equa-
tions infer "process" from outcomes (decisions). However, they do not
purport to capture the actual process (Hoffman, 1960). Statistically, weights
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assigned to cues can be manipulated regardless of '"process."
cues carry more weight when they have greater variance.

termined in part by their intevcorrelation with other cues. Thus, regression tech-

niques may rot be capturing anything real (Dawes and Corrigan, 1974; Hoffman,
1960; Yntema and Torgerscn, 1961).

For example,
Also, weights are de-

The other technique consists of decision-makers' verbalizations of the contents
of their decision processes. Most 'process' studies employing this technique
are based on reports given after decisions are made. In other words, reports
are retrospective and thus, suffer from distortien. Ericsson and Simon (1980)
argve that the time and type of verbalization can have a strong influence on
the validity of verbal reports. As mentioned earlier, retrospectiv: reports
have a smaller likelihood of reflecting the actual content of these processes.

P} s o PAARS S

A new technique was developed by the author to overcome some of the limi- S
tations of regression analysis and retrospective reporting (Banks, 1979). The tech- 3
nique, "[nstantaneous Report of Judgments' or "IRJ," attempts to capture :
racers' decision-meking as it occurs. Raters are provided two recording
devices, a keyboard and a tape recorder, with which to report their judge-

ments. Specific dectails of the procedure and recording devices are given
below.

SRR EO W

The IRJ Technique

Rater judgments are "captured" during a performance rating task. Raters
view a videotape of a manuger performing in a job and rate the manager's
effectiveness, along one of several performance dimensions. For example,
raters would view a manager conferring with a subordinate and evaluate the
manager's effectiveness in "Establishing a2nd Maintaining Rapport." Raters
are asked to report their judgments as they occur duriug the videotape.
Whenever they make a judgment abcut the manager's performance, they report

it by pressing one of seven keys on a keyboard indicating the effectiveness
level of the manager (1 = low performance, 7 = high performance), and by {
reporting into a microphone the basis for their judgment. Verbal reports

indicate what information (e.g., manager behaviors) the rater attended to
when a judgment was made.
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Measurement of the rating process is made possible by linking che re-
corded judgments to the behaviors of the ratee. Rater judgments are linked
to specific secquences of manager behavior by relating the time of each key
press to elapsed time on the videotape. This can be accomplisled a few
ways. One can develop an equation which converts time of key press to a
count on the videotape (revolutions per minute), thereby pinpointing the
count in the videotape at which a key was pressed. Another possibility

is to interface the keyboard (of a minicomputer system) with the video~
tape recorder whereby the minicomputer can read the exact frame number

at the point a key is pressed. Still another possivbility is to have the miui-
computer read the time at which a key is pressed and to match the number to
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. vice elapsed in the film,e Inoall three cases, the time of the key press

mav not be uhe poaint at which a judgment was actually made. (It may be
quite later, in fact.) Therefore, it is necessary to examine raters' verbal
revorts to "soro-in" on exactiy what information was utilized when a judg-
ment wias made,

IRJ permits measurement of several aspects of the rating process:

-

1. NJ: Number of judgments made during each apyraisal

2. SDJ: Variat.on in judgments made within each appraisal

3. $DJ: Variation in mean judgments across managers
4. AVGSD: Average variation in judgments across managers
5. JL: Latency before initial judgment cf manager effectiveness is made

6. INFO: Information utilized during appraisal

Thus, [RJ measures how much information raters utilize, what information they
utilize in formiag overall ratings, the dagree to which they utilize informa-
tion representing different levels of effectiveness, and the degree to which
raters judge managers differentially.

Because of the wav judgments are collected, IRJ offers several advantages
as a technique for measuring rating process:

1. Raters »re {ree to utilize any information they consider important
from the manager performances. This allows raters to vary the number of
juduinents made and the type of information they consider relevant. Thus,
individuai differences in cue (informaticn) selectieon can be measured.

With regression techniques, cues are selected by the experimenter.

R C R L N

2. Raters report their judgments as they occur. By allowing instanta-
nevus reports, distortions due to memory effects aud inference

are minimized. Also, because of the type of reports requested from raters,
it can be arsued that raters do have access to the content of their thought
rrocesses and thus, can give reports which provide meaningful information
about these processes (cf. Ericsson and Simon, 1980).

]

3. Raters f?ﬁﬂilﬁif-}iﬁiJFU!EHEEHBEiiUUEELEﬁ‘I task autonomously. Be-
cause of the miture of the task, raters have full control over the reporting
process; thercfare, the experimenter is wminimally <nvolved. As a result,
factors such as experirenter bias and demand rhiaracteristics which may
influonce renorts are absent from this paradigm. These factors have the
potential for changine reports 1o situat ions where the experimenter probes
or questions the rater. .
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Rater judpments are linked to the behaviors of the manager. This
information helps paint a picture of what the rator actually rates during
an appraisal, Only by analyzing the rating process at such a microscopic
(behavioral) level can one begin to identify what raters do when they are
accurate and conversely when they make errors. One needs to collect infor-
mation at the behavioral level to solve the riddle of why changes in rating
formats and rater training have negligible impact on rater accuracy. Regression
techniques cannot provide this information because they analyze the rating
process at a more general (dimenrional) level.

A — Y M i o—_

The success of this technique, however, depends on raters' access to
their thought processes and their ability to articulate these processes
(Nisbett and Wilson, 1977). While articulation may still be a problem, it
has been shown that because of the nature of the paradigm, raters probably
do have uccess to their processes and can report them with less distortion.
In relation to previous attempts to study the rating process, IRJ seems
to hold the greatest promise for yielding important new information which
may lead eventually to the discovery of the determinants of rater accuracy. £

Studies Using IRJ N i

To date, two sets of empirical studies of rating process have been 4
conducted. The first study was a preliminary investigation of various aspects
of the rating process. The purpose of this study was to describe various
rater behaviors during the appraisal process and to relate rating behaviors
to cognitive abilities. The second study was a replication and extention
of the first study. This time rating behaviors were .elated to a variety
of input variables (variables which contribute tc o: wnderlie rating be-
havior, such as cognitive complexity and detail orientation). In addition,

rating behaviors were related to various outcome measures such as accuracy
and hale error. The purpose of this study was to identify the linkages be-

tween input, process, and outcome variables in performance appraisal. The
relationship between these three sets uf variables are characterized in
Figure 1. The intent of this research is to determine what underlying traits
gt or experiences contribute to various rating behaviors and in turn, which

) ratiug behaviors lead to accuracy. Preliminary findings are presented below.

Preliminary Study of Rating Process

Three questions were investigated in this research:

e e Rt

(1) What information do raters use when they rate performance?

Jrp——

(2) What do the decision-making processes in performance appraisal look
like?

(3) What cognitive variables are these processes related to?

One hundred fiftv~six raters viewed and rated six managers along one of six
performance dimensions. (A different dimension was rated per manager.) Raters
reported thei. judgments following the IRJ technique. In relation to the first
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question, it was found that raters tended to utilize diffevernt information
when they evaluated the same manager on the same dimension. That is, they
disagreed councerning what information is relevant for evaluating the per-
formance of the same manager. Moreover, cven when raters did use the same
information, they did not agree on the effectiveness level of the perfor-
mance displayed. Perhaps part of the reason for low interrater agree-

ment in ratings is due to raters attending to different information and
evaluating the effectiveness of manager behaviors differently. This sug-
gests that rater training may be more successful if raters are taught to
differentiate more between relevant and irrelevant job behaviors and if they

adopt similar schemes for interpreting the effectiveness level of relevant
job behaviors.

Regarding the second question, several iunteresting patterns of rating
emerged. Large individual differences were found in the amount of infor-
mation utilized (judgment frequency), but raters tended to use about the
same amount across managers. That is, raters differ widely in how much
information they use, but this amount is consistent across rating situations.
Raters also tended to make judgments within a limited range of the scele,
and the range became smaller with practice. This latter finding may indi-
cate that either raters become moce discriminating with practice and there-
fore become better raters or they become more narrow-minded and more error-
prone. It would be important to determine, then, whether differentiation
moves in a more valid direction.

The third question yielded information about the role of cognitive com-
plexity in performance rating. It was found that cognitively complex raters
(ones who process information along many dimensions of meaning) tended to
discriminate more within and between managers than less complex raters.
Surprisingly, the amount of information utilized was not related to cognitive
complexitv. Therefore, it seems that cognitive complexity serves a differen-
tiation f.nction in performance rating.

Because of the experimental design of this study, the relationship be-
tween rating behaviors and rating outcomes (e.g. accuracy) could not be de-
termined. A subsequent study permitted these relationships to be tested.

A Study of the Linkages Between Cognitive Abilities,
Rating Behaviors, and Rating OQutcomes

Several revisions in experimental design allowed rating outcome scores
to be calculated for each rater. 1In this study, all raters viewed and rated
six managers across all performance dimensions. That is, each manager was
rated along each of six dimensions., To achieve this, raters attended six
(rather than one) rating sessions. Each session consisted of viewing and
rating each manager along one of the six dimensions, but a different dimen-
sion per manager. In each subsequent session, a manager was rated along a
dimension different from previous sessicns such that by the sixth session,
each manager was rated along each of the six dimensions. This yielded 36
ratings per rater (6 managers x 6 dimensions) with which to determine accu-
racy and various error scores.
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At this time, 56 raters have completed all six sessions. The sample of
56 consisted of three subsamples: 20 students, 12 managers, and 24 "expert"
managers. The rating behavior of subjects withi: each of these subsamples
will be compared. Student responses will be compared to manager responses to
determine the generalizability of findings using college students to those
using inexperienced managers. Also, "expert" managers will be compared to
the tuo other samples tos determine whether experts exhibit differerit rating
behaviors than nonexperts. Basically, the purpose is to identify what experts
do during appraisal that makes them better raters. Whatever rating behaviors
distinguish between experts and the two other samples will then be examined
in terms of their relationship to accuracy. It is expected that experts'
rating behaviors shouid be related to accuracy and inversely related to
rating error.

Analyses of these relationships are currently underway. A brief look at
these data suggest that many of the previous findings mentioned earlier in this
paper were replicated. It is believed that these analyses will generate new
information about the underlying structure of the rating process which may
lead to insight into the problem of increasing rater accuracy.

Summary

The need for analyzing the rating process at a microscopic level is clear.
The IRJ technique seems to hold great promise for measuring several aspects
of the rating process validity. New findings regarding the rating process
derived from studies using IRJ have demonstrated the efficacy of the process
approach to studying performance appraisal and the usefulness of this tech-
nique. Future research along these lines will undoubtedly forward the
current '"state of the art."

lExpert mauagers were identified through extensive interviews with
the author and her staff. Managers were considered expert if they had con-
ducted appraisals for a number of years, evaluated several employees, were
aware of common pitfalls in performance ratings and who consequently took
action to overcome these vitfalls in their own appraisals. Basically those
managers who had extensive rating experience and demonstrated "textbook" know-
ledge of performance appraisal techniques and issues were considered expert.
Managers who did not fit this description were included in the unselected
manager sample.
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BEST, Paul; McFann, Gray and Associates, Inc., Monterey, Califoriia.

A MULTI-ATTRIBUTE UTILITY MEASUREMENT APPROACH TO ORGANIZATIONAL
EVALUATION (Thu P.M.)

An evaluation methodology was developed for analyzing the

performance of military wunits employing various experimental
management structures.

e e T ————_

Evaluation dimensions were  established by interviewing

commanders and by reviewing Army inspection procedures. A

multi-attribute utility measurement approach was described by

Edwards, Guttentag and Snapper (1975) was then used to have

commanders establish the relative importance of the evaluation

dimensions. Next, unit performance on each dimension was rated by

the commanders and others in the command hierarchy. Performance

i ratings and importance weights were then used to establish overall
: unit performance scores and unit profiles.

The unit profiles were organized to reflect unit performance on
each of 18 dimensions covering four areas: training, personnel,
management and job performance. The performance scores provide an

; overall wunit performance index which can be wused for gross

> comparisons among units. ,
Z :
: The benefits of this organizational evaluation technique for g

research use and management information will be covered. Future
development and applications of the techniques will be discussed.
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A MULTI-ATTRIBYTE UTILITY MEASUREMENT APPROACH TO
ORGANIZATIONAL EVALUATION

Paul R. Best, Ph.D. Nancy A. Euske, J.T. Harden
and Howard T. Tokunaga

McFann.Gray & Associates, Inc.
2100 Garden Road, Suite J
Monterey, CA 93940

and
Jack Hitler, Ph.D,
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. U.S. Army Research Institute fur the Behavioral
and Social Sciences

, Presidio of Monterey Field Unit

; P.0. Box 5787

X Presidio of Monterey, CA 93940

INTRODUCTION

The long range goal of a major Army Research Institute project is to
design operational management systems which will enable infantry commanders
to reduce the time spent performing garrison/administrative tasks, thereby
increasing the time available for readiness training. This project entails
several coordinated research efforts from which new management approaches
will be developed and evaluated. First, the missions and activities re-
quired of infantry cowpanies by regulation and standard operating proce- o
; dures (SOPs) were catalogued (Giesler, Harden, Best and Elliot:, 1979,.
Second, this compendium of required missions and activities was used to
develop questionnaires, structured interviews and observation guides which
provided documentation of the actual missions and tasks performed by
comnanders and other key personnel. A discussion of these missions and
activities is presented in McCluskey, Scott, Tokunaga, Giesler, and
Whitmarsh, 1980).

wa L AW A
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This paper describes the development ¢f a methodology which will con-
tribute to the evaluation of the performance nf units employing the experi-
mental management systems. The evaluation methodology and procedures are .
presented along with actual examples from Army unit administration. In !

addition, future developments and application of the methodology are
discussed.

EVALUATION ISSUES

Two key issues must be resolved before the most appropriate evalua~
tion approach can be selected. .These issues are:

PR e

1) evaluation focus--should the evaluation focus on the organiza-
tional output and its relationship to organizational goals, or

] should it focus on the organizational processes and their

' relationship to goals and performance?
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2) effectiveness dimension~--once the focus is selected what are
the dimensions (i.e. performance areas, outputs, goals etc.)
on which the organization should be evaluated?

Evaluation Focus

Organizations can be evaluated using their own goals as evaluation
standards and comparing performance to the goals. Various organizational
theorists, Cyert and March (1963), Etzioni (1964), Proce (1972), Simon
(1964), and Steers (1977) have advocated this goal apprvach to studying
organizational effectiveness. Examples in Army units include comparison
of re-enlistment rates to unit re-enlistment goals and performance on readi-
ness tests. Alternatively, organizations can be evialuated by determining
if their activities and procedures (i.e., implementation processes)
are in agreement with formally stated rules. This process orientation
also has its supporters including, among others, Beckhard (1969), Likert
(1961), and Taylor and Bowers (1972).

The organizational system under study and the research project itself
demand that, as a minimum, the goal approach be used as part of the evalua-
tion methodclogy. Military leaders determine the goals for which wunit
commanders are held responsible arnd an evaluation system must take these
goals into account. Process evaluation does provide information on the
mechanisms used by the organization to reach its goals, however, it does
not specify the extent to which the goals are actually accomplished, and
is, therefore, by itself inadequate. In addition, the goal approach is
necessary to accomplish two important research objecitives: 1) determina-
tion of the amount of time saved in the conduct of garrisou/administrative
tasks due to the experimental management systems (and any concomitant
increase in time devoted to training); and 2) changes in overall organiza-
tional effectiveness as a result of the experimental management systems.
Process evaluation will also be ircluded as a part of the research project,
but will not be addressed in this paper.

-

In their discussion of the gonal oriented approach, Yuchtman and
Seashore (1967) distinguish between prescribed and derived (or functional)
goals. In the prescribed goal approach, the organization is evaluated by
comparing performance with the organization's stated goals. The main
problem with this approach is that various components of the organization
are often not aware of the organizational goals or the work in a given
unit is not directly related to attaining these goals. In the derived
goal approach, the goal(s) is determined empirically within the organiza-
tion and evaluation consists of measuring the level of goal attainment.
Since military commanders have some autonomy in accomplishing their mission
it is important to look at both the prescribed and derived goals. These
goals may be the same for all units within a single large organization
(e.g., Army Combat Brigade), but may receive different emphasis at different
levels of command. '

Effectiveness Dimensions

The szelection of the effectiveness dimensicns is based on several con-
siderations: importance of each dimension to the evaluation of research
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objectives, importance and credibility of each dimension to research E
leaders, and the ability to derive valid measures for each dimension. ‘
In addition, available project resources constrain the number and *
types of dimensions selected. The importance and credibility of the dimen-
sions to military leaders is a primary focus of this paper. Inclusion of

a controversial dimension or the exclusion of a commonly accepted dimen-
sion, however inappropriate, could damage the credibility of the research
results., Credibility of the research results is very important to the
eventual acceptance of any successful management approaches developed and
tested during the project. These considerations led us to determine from

a sample of military leaders all of the commenly used evaluation dimensions
and to allow for the insertion of additional dimensions as they surface.

MULTI-ATTRIBUTE UTILITY METHODOLOGY

i o € m AW WY o h

The plan for evaluating the experimental management systems is de~
signed to provide decision makers with information as to what each system
accomplishes and at what cost. Since the priorities and values of decision-
makers as well as military leaders vary markedly, it is necessary to provide
data which are comprehensive and can be presented and used in a flexible
manner to meet the needs of such leaders. The multi-attribute utility
approach to evaluation research (Edwards, Guttentag and Snapper, 1975)
specifically provides a method to incorporate value judgments by the leaders
or policy-makers in the evaluation process. The first step in the approach
is tc -discover the important evaluation dimensions (goals) from the leaders.
Next, judgments are made by them to determine the relative importance of
each dimension by assigning weights. Then, unit performance is estimated
(i.e., measured) on each dimension. Finally, the relative importance weights !
and performance indicators are combined in a weighted linear model. The i
result is an overall performanc evaluation score. Where it has been de:- f
ermined empirically that individual leaders or echelons of leadership signi- §
ficantly differ in the key dimensions they select or in the the importance ,
they attach to the dimensions, then individually tailored linear models '
may be employed.

The use of military commanders and staff officers to determine the
importance of evaluation dimensions is key to the success of this research
project. On-going research and development projects notwithstanding,
training and subsidiary task accomplishment are still based on judgments by
commanders who have years of experience observing military unit operations,
management, and training. The Army, indeed the military system, is designed
to obtain maximum benefit from this experience base. Officers command
platoons, then companies, serve on battalion staff, and then command
battalions and so on, at each step gaining insight into what approaches work

and do not work to enable units to accomplish all assigned missions and
tasks effectively.

 PROCEDURES

Selection of Dimensions

The initial set of evaluation dimensions was established by interview-
ing battalion and company commanders, personnel officers and operations
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officers from infantry and artillery units of an Army Infantry division.
These interviews were conducted to determine dimensionz of unit effect.ve~
ness. Eighteen dimensions were identified, and then organized into four
categories: training, personnel, management of equipment and facilities,
and job performance/management. The individual dimensions are listed in
Figure 1.

Dimension Weights

Each of the 18 dimension names was placed on an individual card. The
deck of 18 cards was then sorted by the respondents into their perceived
rank order of importance. Once the cards were in order, the respondent was
asked to weight each dimension by arbitrarily assigning a "10" to the lowest
ranking dimension and assigning higher values to higher ranked dimensions
so they would bear a ratio relationship to each other. TFor example a dimension
receiving a '"20" would be subjectively twice as important as the lowest
dimension., Tied scores were allowed. The dimension weights were rescaled
to establish comparable values across respondents. Each assigned dimension
score was divided by the total of the assigned scores resulting in a 0-100
point scale for each dimension. (This method is described by Edwards et al.,
1975).

Performance Ratings

A scale was placed on the back of each card for rating unit performance
on the dimension named on the front of the card. The scale ranged from O
to 1,000, where O represented the worst unit performance imaginable by the
respondent and 1,000 represented an ideal but attainable level of perfor-
mance. The mid-score of 500 represented average performance as witnessed
during the respondent's Army experience.

Unit Performance Score

The combined dimension weights and performance ratings allow the
derivation of a performance score for each unit. The performance score is
the sum of the product of each dimension weight and associated dimension
performance rating. .

EXAMPLES

The results of applying the evaluation methodology in one battalion
are rresented in this section. The evaluation procedures were used in
nine battalions, however, the results of one are sufficient for describing
the methodology. The officers who participated in this exercise expressed
no difficulty in rank ordering the cards or assigning the relative weights,
In fact, many of them found the procedure intriguing. The dimension im-
portance weights for this battalion are shown in Table 1, These
weights illustrate some differences among the respondents. For example,
several of the officers rated "performance of physical readiness training"
as the most irportant dimension while the battalion commander rated it
lower in overall importance. Also, "individual training" received a lower
importance rating from several of the officers than from the battalion
comumander.
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crmance on each dimension on the back of each card. The battalion °
cormander and staff officers rated each company's performance. Company
conmanders rated only their own company's performance. A sample of per-
formance ratings produced by a battalion commander and a company commander
rating the same company is illustrated in Figure 2,

pe

Once the respondents ordered and weighted the dimensions, they rated unit
rf

The performance ratings are purely subjective evaluations of the
company on each dimension. However, future development of this methodology
will include use of objective measures where they exist. For example,
actual AWOL and re-enlistment rates and SQT results can be obtained and
included in the evaluation results., Some dimensions such as ARTEP and IG
performance levels, while less objective, can perhaps be related to actual
results. On the other hand, some dimensions which are routinely evaluated
are subjective by nature and will remain so.

The dimension weights and performance ratings for each respondent
were combined into an overall unit performance score. Each performance
rating was multiplied by its dimension weight and the resulting products
were then summed. The set of scores for the sample battalion officers is
shown in Table 2. This set of results shows that the combat support company
(CSC) received the highest total performance score based on all individual
ratings. However, examination of the individual dimension performance ratings
is necessary to determine how this company achieved its high total score.

DISCUSSION

The multi-attribute utility evaluation methodology provides the
capability of evaluating organizations from several perspectives. Deci-
sion makers come from different organizational components and necessarily
represent different viewpoints. The multi-attribute utility approach can
take each perspective into account.,

An additional advantage of this approach is that assigned weights

and rank orders among the dimensions produced by members of an organiza-
tional unit mav also be used to provide a measure of communication effec-
tiveness within the unit. During the conduct of this effort company
commanders expressed, in addition to their own priorities, their perceptions
of the battalion commanders' priorities. The comparison of the "expected"
battalion commanders priorities with his actual priorities served as a very
useful exercise in unit communication. Organizational functioning can

. usually be improved when everyone understands the supervisor's priorities.
The supervisor can also dramatically influence organizational behavior by
clearly communicating priorities in terms of goals.

Multi-attribute utility evaluation methodology appears to be extremely
promising not only for our project research needs, but also for internal
organizational diagnosis and management information.
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TRAINING

o ARTEP performance
e Collective training
e SQT performance

¢ Individual Training
e Performance of Physical Readiness Training (PRT) ‘

PERSONNEL
e Unfavorable personnel actions (Article 15s, administrative
discharges)
o Appearance of personnel

e Personnel utilization (assignments)
e AWOL rates

e Re-enlistment rates

MANAGEMENT OF EQUIPMENT AND FACILITIES

e Maintenance

¢ Security of weapons and documents
e Appearance of unit area

e Supply management

e Result of IG

>
;
£
}
{
IS
!
3
)

JOB PERFORMANCE/MANAGEMENT

e g et 15

T T QUG ety

; e Communication (administrative through chain of command)
o Execution of SOFs

o Accomplishment of assigned tasks

Gl e me

FIGURE 1. Evaluation Dimensions Selected
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EVALUATION DIMENSIONS ngR STAFF OFFICERS COMPANY COMMANDERS®
ASSIGNED TASKS 03 4 1 85 4 1 15 6
SECURITY |6 2 3 2|2 10 2 1
INDIVIDUAL TRAINING 92 8 7 4|1 6 1 0 4
RE-ENLISTMENT RATE 913 2 10 4|1 4 3 7 6
MAINTENANCE 8! 5 11 8 3|6 6 12 3 1
PERFORMANCE PRT* 7123 4 10 14119 15 13 33 6
COMMUNI CATION 6|3 2 2 212 1 1 1 1
APPEARANCE OF UNIT AREA 6| 8 2 9 10|16 0 .8 & 1
APPEARANCE OF PERSONNEL 6| 7 2 9 9013 6 4 4 5
QT PERFORMANCE 6{ 3 3 7 3|1 5 1 0 4
EXECUTION OF SOP's s 1 1 1 101 1 1 0 o1
RESULT OF 1IG 411 8 4 91810 1N 21 N
COLLECTIVE TRAINING 312 3 7 5{1 5 1 0 4
ARTEP PERFORMANCE 31 1 1 119 112
AWOL RATE 213 1 10 65 1 2 4 4
SUPPLY MANAGEMENT 2|4 w7 5 23 5 16 2 1
PERSONNEL UTILIZATION 22 2 2 1|11 1 1 1
UNFAVORABLE PERSONNEL 213 1 4 64 1 1 1 1
100 {100 100 100 100 [100 100 100 100 100

* Physical Readiness Training

TABLE 1: Dimension Importance Weights for a Sample Battalion.
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|

HHC A €O. B €O. C co. csc
| BN COMMANDER 446 481 512 469 641
X0 494 600 706 664 909
; z . $-1 487 523 531 446 600
z 5-3 384 468 476 480 575
i
§ 5-4 | 359 407 436 389 477
| CO COMMANDER 729 689 614 589 839

TABLE 2: Performance Scores
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Tne Marine Corps Job Satisfaction Program

Introduction

One aspect of the Occupational Analysis Program conducted by
Headguarters United States Marine Corps is a Job Satisfaction
survey. The survey normally is administered in person to Marines
of all grades within the given study sample (occupational field or
groups of related military occupational specialties).

Ca A AR, W]

Anonymous incumbent responses are collected and survey results
! are tabulated and analyzed. A master tape file of job satisfaction
: results for the Marine Corps population surveyed to date allows for
, benchmark comparisons on a sample by sample basis. Perceptions of
work problems are 1dentified, graphically presented, and

addressed. A number of implementing concepts (action steps) are
then related to the problem areas identified, providing a useful
and well received set of management tools which can produce marked
improvements in desired work outcomes.

i
7
%.
#

The Theory Explained

some explanation of the theory behind the survey is necessary

to understand the analysis methodology. A number of central theory

24 1ssues are addressed through utilization of a 77 guestion survey

-3 which 1s "mapped down" into 24 "combined factors". Survey

8 responses range on a seven point scale with specific survey
questions "keved" to the 24 combined factors., For example, the
average rLating for the factor Wask Identity is an average of the
ratings ror the followiny:

e

: 1, To what extent does your job-involve doing a "whole" or
L "complete" piece of work?

2. The job is arranged so that I do not have the chance to do
an entire prece of work from beginning to end (reverse score).

g 3. The job provides me the chance to completely finish the
k- pieces of work I begin.

Response averages for all survey yuestions and for the combined
. factors are then tabulated for the entire sample and for each grade
in the sample,

Figure 1 reflects the theory, which has been extensively
validated.
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Poychological States, and On-tha-Job Outeamas ,
. ' Figure 1
pie
Sy
e
o As Figure 1 illustrates, three critical psychological factors
9 must be present if high personal and work outcomes are to be
- attained.
*% 1. ‘lhe work/effort must be meaningful to the individual.
o 2, Individuals must clearly be held responsible for their
jﬁ WOILK. '
= 3. Knowledge of results must be available to the individuals
1 pertorming the work. It is best if this knowledge comes directly

A from the work itself rather than through pats on the back or paper
e reports,

4 cince the psychological states are a combination of emotions,
3 feelings, and thoughts, they are extremely difficult to measure.

e ‘There are in every job, however, certain core job dimensions which
2 relate to the psychological states, and these can be accurately

e measured. For example, three of these relate to "meaningful work"
e (Figure 1):

4 l. ©kill Variety - Pertorming activities that challenge skills

and abilities; reduce monotony; enhance job appeal.

2. 'Task f{dentity - Arranging work into whole "modules" with an
identifiable beginning and end, and a visible outcome.

3. Task significance - Degree to which work has an important
impact on the lives of individuals, other people, the unit, and the :
mission,
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It is apparent that the greater the deqree to which these factors
present themselves to the worker, the more meaningful the work.

The other two core job dimensions are Autonomy, the amount of
personal freedom and discretion given to individuals in scheduling
and carrying out work; and then Feedback, the information received
about the effectiveness of the individual work effort.

In sum, the five measurable core dimensions promote the psycho-
logical states, in turn producing desired work outcomes. The five
core dimensions relate to the job as a single summary index called
the Motivating Potential Score (MPS) of the job (Figure 2).

OVERALL MOTIVATION POTENTIAL SCORE (MPS)
MPS= [WW] X AUTONOMY X FEEDBACK

3 ;

Figure 2

The MPS value allows for a macro look at the job. Specific
strong and weak areas can later be identified through additional
analysis steps. The MPS simply reflects how motivated the group
is. It is particularly useful to make comparisons of the MPS of
the given sample with the MPS of the Marine Corps population sur-
veyed to date.

A tinal factor called Growth deed Strength (GNS) answers the
question "Is the theory equally applicable to all?" !

The GNb measure is an avesrage of the ratings for the following
survey items:

1. Stimulating and challenging work. :

2. Chances to exercise independent thought and action in my :
job, ’

3. Opportunities to learn new things from my work.

4, Opportunities to be creative and imaginative in my work. :

5. Opportunities for personal growth and development in my '
job.

6. A sense of worthwhile accomplishment in my work.

It allows managers to prioritize groups in terms of which they
really desire to grow on the job and which are relatively happy
where they are. Time, money, and other resources can then be put
into enrichment efforts for those groups desiring further growth.

Theory To Practice

In employing the theory we identify what aspects of the job
need attention, and then provide some implementing concepts aimed
at improving problem areas.

BOD-3
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The 77 gaestion survey Jguages the tollowing:

1. Tthe current levels of General satisfaction, Internal work
Motivation, and pertormance ot job incumbents.

2. fae motivating potential (MPS8) of the job, the score on
eacir core dimension, plus additional environnental and motivational
AsSpeCctLs Ot tne job.

3. fThe level ol Growth Need Strength (GNs).

The analysis actually revolves around four sequential questions
which retlect strengths and weaknesses of the job as perceived by
job incumbents.

1. Are wmotivation and satisfaction central to the problem?

2. ls the job low in motivating potential? Compare the sample
MPS with established norms.

3. what specirfic aspects, if any, are causing some difficulty
or concern? A plot of the mean scores for the core dimensions is
useful here (Figure 3).
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4., iow ready for change are the Marines involved? Compare the
sample GNS to established norms,

Once the yuestions are answered, some implementing concepts are
recomnended, if needed, for improving specific core job
dimensions., Figure 4 reflects the relationships between the core
dimensions and their associated implementing concepts, each of
whicn is briefly described.

BOD-4

AR Ty 0 A - .

TATE ako e

- e v ————
B ol JAPERINNKT ) amegerea > SACTIR - . i
e W, e PSR i 8 TV it NS A DA, Gt Ty S T e I R - A T IR ATt sl

3
%&s—om' i3 e TR I L Y et o




-

3 R —" ARSI N S bRl i BN SR NSIRRRE IRty o IR VT BN PRR
MRLOMTATING CCRS JOB CRITICAL PERSOMAL AND
CCNZEPTS L———-—-—) DIMENSIONS |-——=———fp | PSYC'CLOCICAL | WORK OUICOMES
STATES
Combining Tesks
Skill Variety
Fxoverienced Mtgh Internal
Forming Natursl ask Identity -—.-’"nnlnr!‘u\nou Work Motivation
Work Untts ¢f the ‘lork
L3 High Quality
Tatk Significance Work Psrfurwmance
BEsteblishing
Cltent -
Relacionships Eimp.”"l‘;:git Hieh Satisfectim
tono __——__.btea'ona y trh &
Autonony ror'(‘-utcoma of Wwith the Work
the ‘lork

Verticel loading
I'nowledpre of the

‘__/—-’Pudbuk -—-—-————-bbc:ual Nesults of
Cvening Feedback the 'lork Activities

Chearels ’\ /

Fenlovee Grewth
Head Strength

4

The Pull Model: How Use of the Implementing Concepts Can Jesd to Positive Outcomer

Figure

1. <Combine Tasks.
Identity, and eliminates fractionalizing jobs.
module or forming teams may be useful,

2. Form Natural Work Units,
oL "ownership".

Lowe:r Negeative
tndicator

this increases Skill Variety, Task
Enlarging the worx

This gives incumbents a feeling
Organize the work into meaningful modules,

clust:ring tasks so a person can feel responsible for an identifi-

able body of work.
cance,

3. Establish a Client Relationship With a Customer.

This increases fTask Identity and Task Signifi-

When

incumients nave a sense of personal responsibility for managing a
customer relationship, Peedback, Skill Variety, and certainly

Autonomy will increase.
4. Vertical Loading.

This, in short, 1s puliing down

responsibilities from above, pushing some down to lower echelons,
dnd incorporating some pre and post planning activities (Figure

5). Vertical loading increases Autonomy .
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5. Opening Feedback Channels, keports should go down as well
as up when possible, and teedback should be as close to the action
as possible in terms of time and place.

A Review of Job Satisfaction Survey Results For The Marine Coxrps
Population Surveyed To Date

We will review the Marine Corps job satisfaction effort by
looking at results for over 12,000 incumbents surveyed to date. We
can accomplish this on a macro basis by going through the four step
analysis methodology. This is the procedure normally utilized in
analyzing each study sample. Additionally, in analyzing each study
sample the population surveyed to date (from the master tape file)
is considered the established norm for comparisons, and a more in
depth analysis is made by reviewing the actual survey responses
associated with the 24 combined factors for the sample and across
the grades in the sample.

The following are the combined factor averages for the Marine
Corps population surveyed to date:

Combined Factors

Factor Population Average
1. 8kill Variety 3.95
2. fask Identity 4.63
3. rask Significance 5.35
4. autonomy 4.47
5. reedvack From Jjob Itself 4,71
6. Feedback From Agents 3.98
7. Dealiny With Others 5.473
8. General Satisfactien 4,25
9. Internal Work Motivation 5.36
BOD-6
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Factor Population Average

10. Adwin Policies, Rules, Regulaticns 3.95

11. Supervision 4.34

12. Interpersonal Relations 5.02

13. Working Conditions 3.58

l4. bvalary 3.28

15, Status 4.06

L6, Security 4,32 ;
17. Achievement 4.53

1. Recognition For Achievement 4,40

19. work Itself 4.66

20. Responsibility 5.27

21. Advancement 4.59

22. Growth 4.31

23. Individual Growth Need Strength 5.61

24, Motivating Potential Score 97.93 ;

Let us now go through the four step analysis by looking at the
population in general,l

Step 1. Are motivation and satisfactiorn a problem? Factors 8
througyh 22 reflect responces to this question. Factors 8 and 9
will be described later. Factors 10 through 22 are normally
plotted for the given study sample as a whole and by grade for the
sample, They are plotted for the population surveyed to date in
Figure 6:

Population Dissatisfaction/Satisfaction
Profile
-2 -1 +1 +2 +3
|
|

- 3 B
Factor _______,_F___F_ 4% 4% 1 '

I
10. Admin Policies, Rules Regulations
11. Supervision \\\\
12. Interpersonal Relations

13. workinyg Conditions yat

14, Salary ‘\\L

15. Status N

16. Security \
7. Allievosent /

18. Recognition For Achievewment \

19. Work Itself N

20. Responsibility

21. Aavancenment l

22. Growth

_i ~% -1 ' 1 +2 43

Figure 6

Factors 8 and 9 are indicators of an overall perception of the
workplace as viewed by Marines and an indication of their desire to
be high producers in their work. Factors 10 throujh 16 are
enviromnental factors, i.e. issues extz2rnal to the actual work.
Factors 17 througli.22 are job related. They are therefore moti- +
vational in nature.
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General satisfaction (Factor 8) and Internal Work Motivation

(ractor 9) are above the 4.0 median for the population, and the

plots 1ndicate that Admip Policies, Rules, Regulations (Factor 10),
, Working Jonditions (Factor 13), and Salary (Factor 14) are below
the 4.0 median for the population, Normally, sample averages fovu
the environmental and job related factors are compared with the
population norm., The population itself appears to be reasonably
motivated though expressing slight concern over the three
environmental factors noted previously.

step 2. Is the job itself a proolem? Here the MPS for the
given sample is examined and compared against tie population MPS.
The population MPS to date is 97.93, and normaliy remains close to
100. Tne average MPS across numercus occupations surveyed by
Hackman and oldham (1974) was found to be 125.

step 3. What aspects of the work, if any, are causing the
difficulty? Here it 1s useful to plot the core dimensions for the
sample as a whole and for each grade in the sample. These are also
compared to the population core dimensions. The population core
dimensions are plotted as follows (Figure 7):

Population Core Job Dimensions

SV TI TS A FB
Core Dimensions
Figure 7

Figure 7 indicatas that Skill Variety is only slightly below
the 4.0 median and all other core dimensions are above 4.0. This
may indicate some slight concern with Skill Variety.

Step 4. How ready are personnel for change? The Growth Wecd
Strengyth measure (Factor 23) answers this question. 1t allows
manager. to set priorities in terms of which groups within the
given study sample would respond most favorably to a job enrichment
eftort, Since groups with higher GNS scores would be expected to
respond more favorably to a job encichment program, managers can
"key 1n" on these Jgroups with their available resources,
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The population GN5 of 5.61 is fairly high on the seven point
scale, and 1ndicates that the incumbents in general desire further
growth., Normally, the sampie GNS is compared with tne population
norm.

Summary

The Job Satistaction Survey provides a valuable instrument for
taking a4 "tnermometer reading" of incumbent perceptions about their
jobs. A simple analysis methodology provides a vehicle for
addressing job rzlated and enviconmental problems, and the
implementing concepts provide a set of "management tools" for job
improvement.,

While there is some fluctuation from study to study in terms of
the various problein areas identified, data from the Marine Corps
population surveyed to date provide a useful norm for comparison,
and indicate that Marine Corps incumbents on the whole are a fairly
motivated group desiring further growth and achievement on the job.

a3

Additional endeavors in the area of job satisfaction will .
certainly be a vital part of the overall occupational analysis
effort of deadquarters Marine Corps. While actual feedback from
the commands themselves in terms of the viability of the program
has been somewhat limited, this is not discouraging siace routine :
reporting of job satisfaction results to the field has been ongoing
only ftor about a year. In that sense the effort is still in its
early stages, though extensive research prior to that time was
conducted to formulate a Marine Corps position on job satisfaction.

Joo Satisfaction Theory has been introduced to some extent
through the leadership training offered with the professional
schooling of Marine officers such as the Amphibious Warfare School :
at Quantico., In addition, the future job satisfaction effort wil. i
be expanded 1n terms of additional correlations of demoyraphic ¥
information of study samples ~sith the actual job satisfaction data,
and in taking new approaches toward the subject to better meet
needs in the field. One such effort is a job satisfaction survey
of a cross section of women Marines which is presently beiny
conducted. Results of that survey should be available in the near
future,

In short, job satisfaction research in the Marine Jorps, 4as
with the other services, will continue. In an era of decreasing
personnel with increasing requirements for technical skills in the
military it is imperacive that perceived incumbent needs in tne
workplace be met as much as possible. Though job satisfaction will
not of itself totally solve the attrition problem it certainly is a
step in the cight direction,

1
These categories are the same as those employed by Dr. Frederick
Herzberg in his Motivation-Hygiene Theory. The categories are used
for convenience only. Information derived for this analysis 4id not

employ the standard Herzberg Critical Incident Technique and direct
interviews essential to M-H Theory.

P

BOD-9

@

. Y oes

SR RS sR w vs S
s

~

R PR VO O T ER A S LR TN SRt % v A SP S T S B e it

f
L
it e v

- o —— o g e ————— ~ = -
e N TR . - E FEEEIN T \-—.(W‘
S A | . ¥ R & L b 3 ek wn o bm ie ol |

T e et A S




LZ8 6LL-CVY

060 €00¥-QV

9s¢ LOOV~-AY

8¢8 6LL-AV

8vZ 9TOV-av

1€t 600V-a¥

LOL TOOV-aQV

L8T S8L Q¥

¥v0 GG dd

e s

vL6T Kew
vL6T 23
SL6T el
vL6T Aen
sL6T das
7L6T o3qa
¥L6T 300
vL6T bny
GL6T aunp

~

ON DQd dJIHSITENd IAIVA

IaqunN 133Ud) uoTILIUBWNDOQ ISUDFSQ

LM PP SR MM MR X anr——mny 1 ~

juauwyosiaugd qopr aoJ AbHajeils MaN vy

JuBWUDTILUT QO JO asTwag Putwon aylz uo

3,usem 3jeyy abuey) aylx jo asen
3yl 3juswyoTiugd qoL JO IJanTied v

s3oaloxg ubrsspay qor Jo uorzenTeady oy3z pue

sqof JO sTsoube1g Syl I0J JulWNIISUT
uy :Aaaang o13soubetd qor aylL

¥Iom payotraud o3 AT9AT131SOc cuodsay
s9aloTdwld yoTYM IAIpun SLOTATPUO)

Kaoayr e Jo a1sag,

Y IOM

Jo ubisag ay3z ybnoayz UOTILATIION

SS3UaATIOSIIT

adurwInI1dd dnoxn uo satbhsjeals
3duUewWIO0IIBg Ase], JO S3A02333

uorjeabajur pasodoad pue MITAdY ®
!SS3UDATIOSTIIY IduURWIAOIA3g dnoan pue

‘ssad0ad uotrioeaajul dnoan ‘syse], dnoad

ubisag Yaom

9317 YaoMm jo Rarrend ayx butaoaduy

AHAVYO0I114919g

dILIL JTOIIIVY

= ON Dad

*y ‘Apang
% *y ‘uosuep
fed 9 ‘weypTo

stz. oﬁ; ~Cm50m—am
‘¥ L ‘ueuoepR
*H *p ‘urpun{oel
mu O-H 01.—. sgcmur&

9 *9 ‘weupTo
3 *¥ °p ‘uewydeH
‘9 *D ‘ureyprto

‘Y *9 ‘weypto
R *¥ £ ‘ueunjoey

*Y *M ‘neassnoag

3 ‘Y [ ‘Ssiam
‘¥ P ‘ueunoveH

*H *°D ‘STIION
3 *¥ L ‘uvunioey

‘¥ L ‘ueunory

BOD-10

YOHILNY




-y - — ey e reres e
e ,_@n%?,m.!%m W e e = - P

®

g BOHRER, Arnold, Belgian Armed Forces Psychological Research Section,
| Brussels, Belgium.

t SOCIAL ANXIETY, SELF-CONFIDENCE AND MILITARY APTITUDE (Thu P.M.)

All officer candidates receive at the end of each academic year
of the Koninklijke Militaire School (Royal Military School) a
military aptitude score, an estimate of a cadet's future officer's
per formance. This score has three components (1) a technical score,
based on achievement in a number of military courses, (2) a physical
score, based on sport-achievement, and, (3) a personality or moral
score, based on evaluations made by trainers and staff members.
Earlier efforts to improve the quality of the officer's selection
were concentrated on personality differences between successful and
not-successful reserve-officers. It was found that the selectior
team judged more self-confident and less social anxious aspirants
more able to become good reserve-officers. The same differences
appeared between successful and not successful reserve-officers. A
cross—validation confirmed these findings. The two scales,
Self~Confidence and Social Anxiety, constructed during this

research, were applied to applicants of the Royat Military School.
It was found that

L T 2 e A

(1) self-confideat subjects obtain better selection scores and
better Military aptitude scores than less-confident applicants,

(2) social anxiety is correlated with selection scores. It's
effects on the students academic achievement depend on his
ability level. 1Ites effects on attrition from the School are
related to the kind of studies followed,

(3) cadets, who state that they perform better when they have light
feelings of tension (facilitating anxiety) tend to achieve
better military aptitude scores than cadets who answer in the
opposite way.

B Gt s e St i i
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* Much of the information in this paper was previously reported
during the 15th International Conference on applied Military
Psychology, May 79.
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ARNOLD BGHRSR

Belgian Armed Forces Psychelogical Research: Section

INTRODUCTTON

Tn many military leadership guides it is stressea that 2 leader has to be
ce~petent in interpersonal skills, and has to behave 1n u self-confident
way, Soclal unxiety inhibits the .evelopment of these quulities. an im-
portant aspect of social anxiedy is the fuct that the anxious person is
afraid of negutive aprraisal by others, especially what his interpersonal
skills and his physical appearance concern (Jillems, 1973). 4 sccial an-
xious person will encounter great difficulties when he hus to function as
a leader, Officers have to tuke decisions in social situations, which im-
ply social pressures from superiors, colleugues «nd subordinutes,

The quality of their decisions depends to 4 great extend upon the way they
cope with those pressures, An officer with high social anxiety will tend
to show a non-adaptive leadership-behavior pattern., It leads to nonasser-
tive or to aggressive behavior (Rathus, 1978). The present study has been
undertaken in order to demonstrate the relationship between successful
lcadership and self-confidence and between unsuccessful military leader-
ship and social anxiety,

METHOD

General outline

Two independent judges (one Frenchspeaking, one Dutchspeaking) were asked
to select out of 151 items of a personality guestionnaire all the items
which were related to social anxiety or to self-confidence. The judges did
this on the basis of bipolar definitions of both qualities (cfr infra).
Both judges agreed on 30 items as being possible questions for a social
anxiety scale (SA) and on 42 items for a self-confidence scale (SC).

The response difference be-ween a group of successful reserve officers

and a group of unsuccessful reserve officers were anulysed for all items.
Because only + 27¢ of the SA ard 3C items did discrimini.te between the
two groups, two new scales were constructed using only the nos! discrimi-
nating i1tems. The validity of these new scales is studied for reserve offi-
cers and aspirant regulir officers. The rel.tions of the two scales with
the academic-iichievement of the cudets &t the Royal kilitary School are
defined, and finaly correlitions bei..en the two scales and other perso-
nality inventories are calculated in order to determine ‘heir concurrent
validaty.
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Definitions

Social anxiety

Feeling at euse in social situations vs being anxious in social situa-
tions, or, enjoying to be with people, expressing himself freely, daring
to say no to exugerated demands, daring to make remurks when needed,
accepting a leadership-role, etc. vs, remaining in the background, being
afraid of striking up a conversation with co-workers, strungers or supe-
riors, being afraid of speaking before a group, fearing to be disapprou-
ved by others, being afraid of defending ones rights, avoiding asking
questions out of fear of beinz stupid, etc..

Self-confidence

A self-confident person has the feeling to be an independent, valuable
person, who can go his own way and can confirm himself with resrect to
others. He feels to be equal to his tasks, accepts responsab. ity, be-
haves in an autonomous way, has a good self-image, dares to ..ke some
risks, controlas his behavior, shows initiutive, etc.. A persun with
low self-confidence feels to be inferior, feels to be uncertain, depre-
ciates his own work, is jquickly discouraged, is quickly urset, is un-
able to decide easily, does not understand his ow#n behuvior, has little
self-control, lacks emotional staubilaty, etc..

Successful military leadership -

Since the study could only be directed %o reserve officers {R.0.) and
%o aspirant regular officers (Reg.0.), the definition of successful
military leadership is a very limited one. It 1s muinly based on the
evaluations of the officer%s selection board, on the results obtained
during the trainin; period (reserve officers) and on the judgements
of the staff of the Royal Military School (aspirant regular officers).
The selection board tries to define the military leadership aptitude
(L. score) of each applicant during a two days lusting selection pro-
cedure. The judgement is mainly founded on the behavior of the anpla-
cants during 5 leaderless group tusks (*). Each task takes 20 minutes.
Groups of 6, 7 or 8 applicants have to construct the framework of a
tent, to build a 3 m high double round arch, to draw up a model of
a little industrial city (model town test), to design the selling
space of a deparimentstore (exch member of the group being respon-
sable for a department), and, to establish a group rankorder of a
number of topics with regard to the importance they have ir a civic
spirit enhuncing educution program {e.ch member having already made
up a personal runkorder). The behavior of the applicants is observed
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by four welltrained regular officers, Juch of the laiter supervising é ;

. P4
one of the first four tusks, nnd two of them the last one. i
L
(") The final L score correlates strongly witn the leadershiy scores E E
oused on the % croup tusks {Prench R.O. : r=.%&, n=957; Dutch R.C, : L
=.95, n=£73; French Res.", : r=.%1, n=143; Dutch Rey.0. 3 r-.76, I
n=251)
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The reserve officers have to follow a military and leadership truinlné,
which lasts 5 months. At the end of this training they have to function
as an officer in a military unit. The training outcome ig considered us
a sufficient evidence for their military leadership capacities,

The training period of the aspirant cegular officers lasts 4.or 5

© years. Success in the Royal Military School depends to a great extend
on the academic achievement of the cadets. Although, each year mili-
tary training is provided, the real professional training is only given
at the end of the total academic period. The military aptitude score,
calculated at the end of each year, is Lased on three undistinguishable
matters : the results obtained in technical courses (mapreading, arma-
ment, etc.) and in physical education are combined with a judgement
about the moral and the leadership gualities.

J T

RUSULTS

Social anxiety, self-confidence and suscess uas a Reserve Officer (R.O.)

A.-,.‘,w.,._.,.
N RN A

Two groups of applicant reserve officers (R.0.) were constituted in order
to analyse the response differences on 151 "Yes~-No" items belonging to

a personality inventory, derived from the Cattell 16 Personality Factors.
This inventory is a part of the mselection procedure., This analysis is
made twice, once for the Dutchspeaking R.0.'s and once for the French-
speaking R.0.'s. The first group contains successful R,0.'s, the second
group unsuccessfull ones, they failed to pass either the training or

. the selection.
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% The absolute mean difference between these groups was for the French-

b speaking R.C.'s (F.R.0.) 6,879, with a Standard Deviation (SD) of 5,48 %,
ke and for the Dutchspeaking R.0.'s (D.R.0.) 7,12%, with a SD of 4,99%. ;
k- An ubsolute difference of + 12 <.y about 1 SD above the absolute mean . :
gﬁ difference, was accepted as discriminating between the itwo groups. ' .
‘g'i The discririnating power of the 72 SA or SC i1tems is shown in table I, f
%g» ' TABLE T The discriminating power of the Social anxiety and the Self-con- ; %
. fidence items, selected out a personality inventor) totalising ! g
SN 151 items b
Q? § Amount of Dutch Reserve Officers French Reserve Officers :
K discrimination (n = 445) (n = 319) { :
SR SA  SG Other Items SA SG Other Items %
E >i| + 150 12 N 3 Eo12 2
5 - §
i SkiFl+ 190 | 5 15 15 115 12 %
b 4
9 f
. <[x] 1216 61 1M 15 65 o
Tot. 30 4z 7 30 42 19 3 k
. 2 3
'Xf 1,00 p 001 Y“‘ = 36,4 p 001 i 4
2
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.of D~ and F.R.0.'s were constituted:
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Only 27 9 of the SA items and 29 ¢ of the SC items exceed the fixed dif-
ference ( X + I SD) for the F.R.O.'s.

For the D.R.0O.'s these percentages are respectively 40 j and 26 ¢,

These results seem not to suppcrt the hypothesis. But, as can be seen in
table I, 20 of the 22 discriminative items belong to’one of the two scales
what the F.R.0.'s concern and for the D.R.0.'s 23 items out of the 26.
These results made the construction of two well discriminating scales
possible ¢ a SA scale with 22 items and a SC scale with 27 items for the
D.R.0.'s and 31 items for the F.R.0.'s.

In order to control the discriminative power of these two scales 4 groups

the SHL group, based on R.0.'s who succeded (S) in their training and
who received a High (M) Military Leadership score (L) from the selec-
tion board,
the SHL group, with R.0.'s who succeeded (S) in their training and who
received a Mediunm (}) L score,
the UML group, wiik R.0.'s who did not succed (U) in their training
and who received a Medium () L score,
and finaly the LL group, with applicants who received a too Low (L)
L score +to be admitted to the training.
This control was done twice, once for the population on which the scales
were constructed (P 1)*, once on a new population (P &)»,
A clear difference between the four subgroups was found for F 1, Dutch
and French R.0.'s, for the two scales (Table 2). Unfortunately the
comparison between the two L groups was obscurad by « difference in Y,
the mean of the L scores in favor of the successful group. For the
cross-validation (Table 3) these two groups were matched what the L
scores concern in order tc obtain two IY groups with a same mean and
SD for the L scores.
Although, the cross-validation shows apjroximately the sume results
as already obtained, 1t is obvious that the two scales ailscriminate
better between High and Low L groups than between the two 3 groups
and the UL group (Table 3).
The close relutionshii beiseen the L scores und the $54 :nd 3¢ scores
appears clearly in tuble 1.

.
Composition of the two populatiens (P1 and F2), nucler of R,0.'s

in each subgroup

§
Tutceh R0, French R.C, )
“ . i
P1 2 F1 Fe ]
SHL 124 30 L 50 g
SKL 55 37 °e V3 g
i 108 53 6 3, i
: 15¢ 50 . :
Tot 145 140 By g
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TABLE 2. Social anxiety and self-confidence : means of four reserve officers
groups (n=50 in each subgroup, taken at random from the P1 subgroups).

Subgroups P1 Social Anxiety Self-confidence
(22 items)
Dutch French Dutch French

(27 items) (31 items)

Successful, High

leadership 17.38 16.84 22,32 24.64
Successful, Medium

leadership 15.98 15.20 22,22 21.36
Unsuccessful, Medium :

leadership 14,58 14.76 20,40 20.52
Low leadership (not -

accepted applicants) 12,88 11.98 18.35 18.14

The SA scores are inversely calculated for practical reasons; in
table 2 and 3 a high score means low sccial anxiety, a low score
high social anxiety. -

TABLE 3. Social anxiety and Self-confidence : meass of four reserve officers
groups (Cross-validation).

Subgroups F2 Social Anxiety Self-confidence ‘
(22 items) i
Dutch French Dutch French .
(27 items) (31 items) ;
Successful, High 17.57 16.30 22.57 23,20 E,
Leadership (SHL) (n=30) (n=40) (n=30) (n=40) :
Successful, Medium,) 15.45 15.50 20.75 22.00 &
Leadership (SML) (n=20) (n=20) (n=20) (n=20)
Unsuccessful, Medium 15.05 14.70 19.50C 21.15
Leadership (UML) (*) (n=20) . (n=20) (n=20) (n=20)
i.ow Leadership (LL) 13.03 13.00 19.00 19,00
(n=30) (n=40) (n=30) (n=40)
SHL vs LL; UML; 5.26;2.765 5.00;2.12; | 4.72;3.33; 4.20;1.95;
SML 1.93 n,s. 2,15 n,s.
+ |SML vs LL; UML 1.89;n.8.  3.36;n.s, 1.95;n.8. 2.70;n.s.
UML vs LL 1.79 1.79 n.s. 1.73
SHL+SML vs UML 1.74 1.80 2,63 n.a.

(#) To compose these subgroups, leadership scores were matched in order to

obtain two identical subgroups concerning these scores (Dutchspeaking
§-11.1; Frenchspeaking X«10.35). '
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. Dutck R.,0. (P 1) French R,0. (P 1)
: (n = 200) (n = 200) ‘
: SA S SA SC i

Leadership -.475 426 -.527 526

SA -.4417 -.609

Dutch R,0. (P 2) French R,0. (P 2)

(n: 130) . (n: 155)

SA . SC . SA SC

Leadership ~.402 .450 -.389 <328

SA -.483 -.610
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Table 4 Correlations (Spearman) betiween Leadership scores and Social

Anxiety and Self-confidence scores.

Rl R S
:

6=

A1l correlations are stat, significant at the 1% level,

Self-confidence, social anxiety and military aptitude of aspirant

Regular Officers (Reg.0.)

The Reg.0., population differs in many aspects from the R.O. population.
The latter is more heterogeneous what age and education of the candida-
tes concerh. About 65 % of the R.0.'s have a university or cellege deg- {
ree, and about 357 a highschool degree. This latter part of the group
stopped studying. Almost all Reg.0.'s have a highschool degree and in-
tend to go on with collige education (Royal Military School).

The admittance of the R.0.'s is based on the L score only, these of
the Reg.0.'s on two scores, one is calculated on the rssults of an
examination in mathematics and in native language, the other is the

L score, The classification of the candidates is made upon the first.
For the second a cutting score is fixed. About 157 of all candidates
fall below this score. (*)

PRI IR v RO RES)

As can be seen in table 5, the same relationship between L scores and
S5A and SC scores exists in this popnlation as in the R.0. population.

Table 5 Correlations {Spearman) between Leudership scores and Social
Anxiety and Self-confidence scores.

P

Dutch Reg.O, French Reg.O. f é

(n=381) (n=158) 1

SA SC .SA SC i

Leadership .30 .28 ~.36 .31 ]
SA =40 ~.40

All correlationg are significant at the 19 level,

Before examining the relationship between the Military Aptitude score
(M.A. score) given at the end of the first year at the Royal Military
School and the SA and SC scores, the correlation hetween the two mili-

tary leadership evaluations (L score and. N.A. score) needs some attention,
(‘)Abstraction :s made of the medical and physical admittance conditions
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This correlation is stutisticaly significint for both cultural groups
: for the Duich group r=.22 (n=363), for the French

but, is not so high

group r=.34 (n=266). After correction for restriction of range and for
attenuztion in the critericn only (.4, score) these r's become respec—

tively .33 and .48.(»)

On the other hand, considering the fact that both scores ure based on
completely different observations (cfr supra), and the fact that during
the first year at the military school the leadership training is very
limited, these correlations can be considered «s high.

The relations between the Il,A, scores and the SaA and SC scores seemed
promising (Table 6) and for that reason the two scales were introduced
in the selection procedure. But, as can be seen .n tatle 6, the promi-
sing results could not be repeated the following years.

A second social anxiety scale, constructed by Willems (1973) (SA-W),
and used in order to determine the concurrent validity of the SA scale
did show about the same results as the SA scale (table 6).

The relations between the SA scale, the SC scale and the hilitary Apti-
tude score of the first training year remuin unclear. The relations be-
tween the two scales and the leadership score hold as well for the R.C.'s
as for the Reg.0.'s. In conclusion it can be stiuted that the selection
team judges more self-confident and less social anxious candidates more
able to become good reserve or regular officers than less self-confident
and more social anxious ones,

Table 6 Correlations (Spearman) between Social anxiety, Self-confidence
and Military aptitude.

Dutch Reg.O.

French Reg.O0.

SA SAW____ SC SA SA-W SC
Military aptitude -.10 .02 .16 -.20 =28 % T
first year 1977 (n=97) (n=59)
Military aptitude 4 14 07 .02 11 -.09
first year 1976 (n=100) {n=65)
Military aptitude 07 00 <.03 00 -.02 07

{ first year 1979 (n=121) (n=283)

xx significant at the 1¢ level
x significant at the 5¢ level

The reliability of the il.a. sccre 1s .70 (n=527), this is the correlation

between the M.A. scores of the first and the second trainiag year,

The correlations for the R.0. population are

for the D,R,0.'s, r=.3c¢

(n=173); for the F.R.0.'s, r=.31 (n=125), not corrected coefficients.
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Intelligence, Anxiety ard academic achievement

No significant correl..tions are cbserved betiween the 34 and SC scule wuna
academic achievement. From what 1s known from the test-anxicty literature,
anxiety has a different effect on performance for persons with differing
intellectual endowments. The effect of anxiety degends on the subject's
level of ability. For the superior students anxiety facilitates ucademic
performance, while anxious students in the middle ranges of wbility tend
to obtain lower grades than non anxious students of compurable ability.
Students of low ability tend to earn low grades irrespective of their
anxiety level (Gaudry § Spielberger, 1971; Sieber, 1977). This interaction
seems also to exist in this Reg.0. poprulation. Analyses of variance do
show a significant interac.ion for SA by intelligence, for test-anxiety
(F-, see infra) by intelligence, but not for SA-W by intelligence (Reg.O.
1977). Such an interaction does not appear when M.A. scores are taken into
ccnsideration instead of academic performance. It's worthwhile to note that
there is no correlation between academic achievement and k,A. scores.

Does the SA scale measure about the same quality as the test-anxiety
scales? In the foliowing paragraph a comparison will be made beiween

these two characteristics.
The concurrent validity of the SA and SC scale

A number of personality inventories werec used to describe the concurrent
validity of the two scales (SA, SC). The social anxiety scale of Willems
(1973) (SA~W) confronts the subject with 24 different pessible stressful
social situations and by means of a 5§ point scale he can express the
amount of anxiety provoked by each situation. A personality cuestionnaire
of H. Hevmans (1970), including Test~anxiety or Fear of failure (F-),
Facilitating anxiety (F+) and Achievement motivation (P). The test-anxiety E
scale measures to what degree a test-like situation arouses iension or :
anxiety. It contains 26 items. Weighted average correlations were calcu-
lated between all these scales. The results appear in table 7. In the
same table the correlations of the differsnt scales with the L score are ]
printed. In this table no distinction i1s made between R.O,, Reg.0., Dutch §
or French groups. As expected, the SA-W and the SA scales are highly cor-
related (58), both scales are measuriig the same kind of anxiety. But, the
correlation between SA-W and F- is even higher (.69). The explanation of h
this fact lays probably in the distinction between feelings of discomfort
and behavior, SA-W and F~ try to sure the degree of anxiety or discom-‘:
fort in relation to specific social or “test-like’ situations, while Sa
emphasises the engagement in assertive behavior.

A person might feel high discomfort but ernguge in an assertive behuvior

in spite of this, or, such discomfort couid be coupled with an avcidance
behavior. This car perhaps exnlain the difference in relationship bet-

ween the two SA scales and the L score. The L score expresses morec .hat

the subject is doing during a stressful social situition and net what he

is feeling. And this is more central in the SA scalc than 1n the SA-W scule.
For this reason Fileen D. Gambrill and Cuazryl A. Ricley (1975) develo-

ped an Assertion Inventory which permits vespendents %o note for euch

item their degree of discomfort and their prot:bi1iit, of «n_ - an

the behuvior.
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TABLE 7. Weighted averuge scorrelationstetween anciety, self-confidence,
achievement motivation ancd leadership.

Sa-W SA SC F- P4+ P
L 1 =.23 (3){-.38(9) ] .35 (9) [-.33 (2)] .10 (2) [ .10 (2
SA=i 58 (1) =44 (7) | .69 (2)]-.23 (2) | ~.24 (2)
SA -.47 (16)] .50 (&)[-.24 (&) | ~.1€ (2)
SC -.47 (8)] .25 (&) .29 (2
F- -3¢ (E) | =16 (2)
o 19 {2)

The number between brackets indicates the number of correlations.
The number of subjects in each subgroup varies from 5C up to 200,

Anyway, social anxiety seems to be strongly related with test-anxiety.

The 3C scale is clearly negatively related with F-, the SA-W and the €A
scale. This fits in with the description of the self-imuge of anxious sub-
Jects (Sarason § Spielberger, 1979). The correlations between ach. mot.
(P) and the other scales are in the expected direction but are Jow. This
is also the case for P+, what seems to support the idea of Hermans (1970),
who, like Alpert and Haber (1960), tries to demonsirate that facilitating
anxiety is not just a mirror image of test-anxiety., Depreeuw (1978), 1lixe
Yerron (1964), stresszes an unidimensional theory concerning fear failure.
He argues that the low correlation between Fe and F+ can be explained by
the formulation of the F+ items, The majority of these items refer to low
level anxiety. "The P+ scale measures the degree in which light feelings
of tension facilitate performance, while the P~ scale measures the degree
of anxiety (or tensicn) t:st-like situations evoke"

The reliability of tne CaA and SC scales

With an interval of one day the subjects answered first the original ques-

- tionnaire (151 items) and second the SA + SC items only. The retest relia-

bility coefficients are for the SA scale .78 (n=454) for the D.R.O. +
D.Reg.0., .78 (n=:83) for the F.R.0. + F.Reg.0., for the SC scale they are
respectively .67 and .70. These coefficients are low. For this reason it
was decided to maintain the original questionnaire and to calculate the SA
and 3C scores with appropriate keys. All calculationsin this study are
based on these scores.

CONCLUSIONS

There exists a stable relationsrip between military leadership, as defined
by the officer's Selection Bourd, and social anxiety and self-confidence.
There are some indicutions thuat this two yualities are reluted 4ith the

officer's training outcome, but, the facts are either weak (reserve officers)

or toc unstable {regalar officers)., Sociul :nxiety is closely related .ith
test-arxiety und a distiaction needs to be m.de between feelings of dis-
comfort :nd bhehuvior,

Althouzh, the SC items do not - <plicitely refer either to socinl stressful
si1tuations or to test~11ke saituitiors, the relations ¢f the SC scale with
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the SA scales and the test-anxiety scale are substancial. This expresses
the fact that self-confidence depends to an important extend on the way
one copes with stress.
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BOLDOVICI, John A., and HARRIS, James C., HumRRO, Fort Kaox, Kentucky.

SOME PROBLEMS IN EVALUATING TRAINING DEVICES AND SIMULATORS
(Wed P.M.)

The purpose of this paper is to discuss a few of the problems

that one encounters in the design of evaluations for training devices
and simulators. The problems involve:

1. Defining Device Effectiveness. Various levels of the
device-evaluation question are discussed, from, ''Does practice
on the device produce transfer?" to "What does the

price/transfer curve look like?"

2. Selecting Dependent Variables. Choices frequently are made, not

on grounds of relevance, but on other grounds-feasibility, for
example, and anticipated use of data.

3. Training Devices as Test Media. Nearly all training devices are
used as test media. The criteria for evaluating test media
differ from the criteria for evaluating teaching devices.

PP RS A [ SE LS

4., Ceiling and Floor Effects. Avoidance of ceiling and floor
effects requires considering measurement reliability, task

difficulty (or entry-level proficieacy), and amounts and kinds
of practice.

R T

5. Measuring Training and Other Weak Effects. Of the many problems
assoicated with device evaluation, the most difficulty by far is

the measurement of cause and effect. Suggestions are made for
diminishing the effects of extranmeous variables.
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SOME PROBLEMS IN EVALUATING TRAINING
DEVICES AND SIMULATORS

John A, Boldoviedl
and
James H. Harris
HumRRO, Fort Knox, Kentucky
INTRODUCTION

Several new devices are being developed as media for teaching
soldiers to operate and maintain the XMl tank. We are providing
5 evaluation-planning assistance for several of these new devices,
3 including the Unit Conduct-of-Fire Trainer, the XMl Driver Trainer, :

3 the Turret Organizational Maintenance Trainer, and two targets systemg--
4 the Combat Training Theater, and the BT 41. {

Guidance for evaluating training devices and simulators can be
found in several TRADOC and Army Regulations and Circulars; 71-9, for !
example, and 70-1. The regulations share with most attempts to prescribe i
or "can" training development and evaluation matters, the chavacteristic i
of telling us a lot about what we already know. For solving the more !
difficult problems, however, the canned prescriptions are of little help.

The purpose of this paper is to discuss just a few of the diffi-
cult problems that one encounters in the design of evaluations for
training devices and simulators. The problems involve:

1. Definiug device effectiveness, ‘e
2, Selecting dependent variables,

3. Training devices as test media.

4, Ceiling and floor effects.

5, Measuring training and other weak effects.

Defining Device Effectiveness

The device evaluation question can be thought of as occurring ;
at three levels. The most basic level is, "Does practice using :
the device produce transfer?" Answering this question requires only 4
a device and some method of measuring Task B learning or performance. w
(Task B as used here means criterion performance--or as close to
criterion performance as -'s pogssible to get without gcing to war,)
The device need not provi.e for reliable measurement if it is used only
for practice on Task A (the practice Task) and not for measurement on
Task B. Whether analyses separate from those used to measure transfer
are necessary for establishing the reliability of Task B measurement
is equivocal. On the one hand, the assumption can be made that if
differences in transfer are shown as a function of practice with the
device and no practice with the device, then (barring Type I error)
measurement must have been reliable, There are, however, at least
two points to be made about this line of thinking: If no differences
in transfer are found as a function of practice and no practice, then
one cannot be sure whether the treatments were equally ineffective or
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the measures of Task B performance were unreliable, Possible operation of
ceiling and floor eifects also is relevant here, and will be discussed
later. The second point is that the possibility of Type I error should
not be ignored where two conditions coexist, The conditions are (a) that
new ground is being broken in the device evaluation (that is, a directly
related evaluation of the device has not been proviously performed), and
(b) that the probability of replicating the device evaluation is low.
Since both of these conditions frequently apply to transfer studies with
new devices, consideration should be given to designing studies which
incorporate examinations of measurement reliability as well as transfer.
This is easily accomplished by designing studies which require the use

of repeated measures. As will be seen later, there are compelling
reasons for using repeated measures designs irrespective of the relia~
bility issue. Addressing reliability should therefore present little
problem, aside from the fact that correlation typically is used to
examine reliability, and is never appropriate for measuring transfer.

(A high correlation between scores on Task A and scores on Task B simply

§ suggests that the same skills are involved in performing the two tasks,
b and has no bearing on the transfer question.) This problem is easily
f@ solved by the use of analysis of variance designs for both transfer and
3 reliability analyses, or by reserving the use of correlation for relia-
ﬁ‘ bility analyses only.

Tf A level above the simple evaluation question, "Does practice on
g the device produce transfer?” is the question of how wmuch; that is,

RS "How much practice on the device produces how much transfer?" Designs
_i appropriate for answering this question provide data not only on trans-
b2 fer, but also permit avoiding ceiling and floor effects. They also

'?; address the pragmatic issue of diminishing returns from simulator prac-
gﬁ tice, by providing data on optimal points for shifting trainees from

Q; Task A to Task B. Notice though, that if proficiency on Task A is used
Er as a treatment in studies of the relation between amount of practice and

amount of transfer, then unlike the situation discussed earlier (Does
practice produce transfer?), the reliability of device-mediated measure-
b 33 ment is unequivocally an issue. If the study design requires Group I to 4
5 be trained to mastery level x, Group II to mastery level y, and sc forth, ‘
3 then analyses should be performed to answer questicns abcut the relia-

bility of measuring mastery leveis X and Y.

In addition to the questions of whether and how much, one usually
& would like to know comething about effectiveness of practice on the b
£ device relative to .reatments other than practice on the device,
including no treatmeant, conventional treatment, or both. This of course
is the simplest version of the cost~effectiveness question, which can

% be variously stated as, "What is the lenst expensive means for achieving

b/ x transfer?" or "What is the most transfer that can be achieved for x ;
’% dollars?" Or in its most elusive form~-the form which most cost- 4
E effectivencss studies seem to address--"ilhat is the optimal cost: ;

nte

benefit ratio?

Y One would do weli in our view, to discard from consideration the
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first and last levels of the evaluation question mentioned above. The
first is simply inefficient; with slight additional effort and little

or no added cost, one can obtain answers to device evaluation questions
that are more enlightening than, "Does practice on the device produce
transfer?" The last-mentioned level of the device-evaluation question--
"What is the optimal cost: benefit ratio?"--is probably unanswerable,
since the requirements for widespread agreement on cost-accounting
methoas and on "units" of transfer are never likely to be met.

Studies should therefore be designed to address the intermediate
levels of the device-evaluation questicas posed above; namely, "How much
practice on the device will produce how much transfer?" with particular
concern for measurement reliavility, and for identifying optimal "shift
points" from Task A to Task B.

Selecting Dependent Variables

The selection of dependent variables and measures must begin with
an examination of all sources of information about "what the device is
supposed to do." The ideal device specification would be in terms of
desired amount of transfer and money saved as results of practice using
the device. As implied earlier, getting bogged down in after-the-fact
cost analysis seems unwise, The impetus for developing devices in the
first place usually is monetary. If the case for savings due to device
use is not compelling on rational (prospective) grounds, then little will
be gained by conducting after~the-fact cost analyses of the device and
alternatives., It seems advisable to proceed from the assumption,

"Given that use of the device can save money, how can additional savings,
additional proficiency, or both be achieved?"

Even if one knows, however, what the device is supposed to do,
the fact remains that there is no "science'" of selecting dependent
variables and measures, just as in test development there is no
"science" of selecting criteria and measures (factor analysis notwith-
standing), From a validity or relevance standpoint, one has absolutely
no basis, as Gagné noted in 1954, for choosing between the criteria of
hitting targets and scaring opponents away., Similarly, how does one
choose between the measures of distance from target center and hit/miss?
Such choices typically are made, not on the basis of validity or
relevance, but on other bases--feasibility, for example, and anticipated
use of data, Given the unavailability of a sclence for selecting
dependent variables and measures, the main implication for designing
transfer studies is that whatever measures are selected be justified.
A modified Method of Raticnales (Flanagan, 1951) seems appropriate, in ;
which all reasonable-app-aring dependent variables are considered, and :
the rationales for selecting some and rejecting others are stated in !
writing. f

An issue that inevitably arises in device evaluations is whether i
it is acquisition of Task B or performance of Task B which is of in- i
terest. Our thinking at present is that it makes little difference in
terms of study design: repeated measures of performance on Task B are
desirable in any event--for two reasons: as a means of examining the
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reliability of Task B measurement, and because performance on early
Task B trials is not necessarily predictive of performance on later
Task B trials. Given repeated measures on Task B then, the issue of
acquisition vs, performance becomes a matter of data treatment: one
can avzrage over all (or later) trials to obtain performance measures.
Or one can count number of trials to reach given proficiency levels to
obtain acquisition measures. Or one can do boith. The strengths and
weaknesses of alternative designs and measures for transfer and studies
are treated in full by Gagne and Crowley (1948).

Training Devices as Test Media

A training device whizh is not used in some testing capacity is
a rarity. If scores or juugments are used to estimate trainees'
mastery of less difficult objectives hefore proceeding to more diffi-
culi objectives, then the device is a test medium, If diagnosis and
remediation are based on trainees' performance using a device, then
the device is a test medium, If malfunctions or problems are presented
to students in device~centered instruction in order to examine reactions
to energencies, then the device is a test medium. And if transfer studies
are designed in which proficiency on Task A is a treatment, then the
device is a test medium.

The criteria for evaluating devices as test media obviously are
not the same as for evaluating devices as teaching machines. The
minimal requirement for training effectiveness Is simply that practice
on the device yields positive transfer. The minimum requirements for
test "effectiveness" are for reliability and validity. "Fidelity"
in device-centered testing may be desirable from tha standpoint of
validity, but only to the extent it does not interfere with reliability.
(The extent to which "fidelity requirements" conflict in their relation
to training and testing is unknown--and notably non-existent as an
obj2ct of sclentific inquiry.)

Fitzpatrick and Morrison (1971) imply that the trade-off between
fidelity and measurement reliability is direct:

Good measurement is possible only when each examinee
can be nbserved under similar circumstances; that is,
vwhen it is possible to control and hence standardize the
displays, the surround, and the responses on which evalua-
tion of performance will be based. Such control is char-
acteristic of tests and ie reflected in the high relia-
bility of measurement that can be achieved with a good
test. But as the test situation simulates reality more
closely, control becomes more difficult. It generally
would be agreed by those with experience in the matter
that the more closely one tries to simulate a real cri-
terion situation, the less reliable will be one's
measurement of the performance (p. 240).
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This view seems at odds with consideration of the characteristics of
modern devices, and especially electronic devices. Modern visual sys-
tems provide a case in point. As our ability to approximate visual
"reality" increases, there is no commensurate loss in stimulus control
(i.e., control of displays and surround). Any improvement in the
ability to generate visual reality ian fact requires improvements in
stimulus control. Thus it seems that the increased use of high-speed
electronics should minimize the need for trading off realism and mea-
surement reliability,

The increased use of electronics in device consvruction also has
jmplications for improved diagnostic testing. Electronics are well-
suited for counting and timing. Among the implications for testing
is that the occurence and latency of nearly any overt response are
easily recorded electronically with attendant potential for trouble-
shooting human performance sequences.1 This is especially relevant
for improving the performance of time-constrained tasks, with which
tank crewmen's jobs are replete. The limits on measuring overt respon-
ses no longer are given by available means of measurzwent, but by
limits on the response rates themselves. Here again, the increased
measurement capability is accompanied by no loss in measurement relia-
bility: machines not only count and record faster than humans do,
they also do so more reliably.

Finally, it is axiomatic that reliability is well served by stan-
dardization, which in turn can be achieved by instructor~ or administrator-
independence of tests., To the extent that device~-centered tests are
"canned," measurement reliability should improve,

The considerations presented above are not suggested as criteria
to supplant the main furctions of training devices; namely providing
practice which yields positive transfer, savas money, or both. If,
however, a training devic2 is to double as a test medium, then the con-
siderations mentioned here should not be ignored.

Any test or measure of performance should aim for
high validity, i.e., some sort of assurance that the test
measures what it is supposed to measure. When one mentions
measurement, though, reliability as well as validity is
implied, since it must also be determined that the test
yields a performance score which differentiates between
a superior and inferior individual with some degr=e of
dependability., To the psychologist, these are well-
known concepts., They appear to be applicable without
change or reservation to the measurement of performance
by means of a trairing device (Gagne, 19Y54).

Celling and Floor Effects

Caution must be exercised in interpreting results showing nc
difference in learning or performance as a function of training treat-
ments. One occasionally reads in the Armor "t“ade" literature

1See, for example, Moore (1977) for descriptions of improving Olympic
athletes' performance using computer-based process measurement,
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for example, reports of no difference in performance of a live-~fire
gunnery test as a function of simulator-based and conventional training.
Only if scores are reported, is interpretation of the absence of dif-
ferences possible, If scores are not reported, one can only wonder
about possible floor effects. That is, all scores--those of experimentals
and controls--might be abysmally low. In such cases, simulators might
save money, but not yield desired proficiency. Questions also arise as
to how the scores of the simulator and conventional groups might com-
pare with the scores of cruws that received no or extremely "watered-
down" training (a ten-minute lecture on how to hit targets, for example).

Ceiling effects are of course the opposite of the situation hypu-
thesized above: Both groups are so proficient on Task B before learning
Task A, that learning Task A produces no measurable increment in pro-
ficiency on Task B, (The problem is analagous, at least partly, to
retention~study designs in which all Ss are trained to 100 percent pro-
ficiency at the outset, then tested at a lacer date, when their scores
have nowhere to go but down.)

Analysis and avoidance of ceiling and floor effects require con-
sideration of at ieast four tactors: measurement reliability, task
difficulty (or baseline proficiency), amount of practice, and kind of
practice. Assuming reliable measurement, ceiling and floor effects can
be viewed as cpecial cases of violating the maxim, "Eegin where the
trainee's performance is at" (Malot, 1972); that is, ceiling and floor
effects are the result of amounts or winds of practice that are
inappropriate to Ss' pre-training proficiency levels,

The implications of ceiling and floor effects for simulator and
experimental design seem not to be widely appreciated. A finding of
no difference between conventional and simulator groups should not
automaticaliy be viewed as a decisive blow for the cause of simulation.
Four implications of ceiling and floor effects warrant particular men-
tion, The first implication is that modern instructional technology,
including state~of-the~art devices and simulators, can be expected tc
have little or no effect on the acquisition or retention of casy tasks.
If a task is so easy that it can be mastered in one or two trials, or
on the basis of simple verbal instructions withont rehearsal, then
learning is unlikely to be improved by the use of devices. Learning
may be made less «xpensive in such cases by substituting devices for
operational equipment, but proficiency maintenance or improvement is
likely to be unaffected.

The second implication is related to the first: if a task is so
difficult that it is seldom performed to standard or reliably in opera-
tional situations, then performance may or may not pe improved by
simulator-nased practice., The key here is in identifying correlates
of satisfactory and unsatisfactory learning and performance in the
operational setting., If, for example, one can determine that poor
performance 1s due simply to lack of opportunity to practice, then
devices, appropriately used, can have beneficial effects. If, on the
other hand, the poor performance is due to equipment unreliability, or
limits on the sensory or motor capabilities of operators, or any
sources of variance other than Ss' performance, then practice with
devices may have no reliable effect on performance of the criterion
task, Performance ~n tank gunnery tests may well be a case in point.
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The third implicatlon is that device-evaluation studies should
examine interactions between amounts and kinds of practice on the one
hand, and Ss' proficiency levels on the other. One way to do this
is to select Ss at the cxtremes of proficiency, administcr equiva-
lent amounts and kinds of training to the high~ and low-proficiency
groups, and compare learning or performance on Task B, Selecting peo-
ple at the extremes of proficiency is, however, both risky (from
a reliability standpoint) and expensive. A better approach is to
select random samples from the population of interest, and to train
various groups to various levels of proficiency in the simulator before
examining learning or perfcrmance of Task B, (The results of such
designs also would provide clues about optimal "shift points" from
simulation to criterion tasks.,) This general paradigm, in which pro-
ficiency on Task A is a treatment, should receive primary consideration
for the design of transfer studies for new devices.

The fourth implication is related to the third: Ss must be care~-
fully selected to be as representative as possible of the proficiency
levels of the trainee population for whom the devices are intended, If
this is not done, then a device might be incorrectly judged effective
or ineffective when in fact the sample was at fault., In its extreme
form, this problem would manifest itself in transfer effects that were
opposite for sample Ss and population trainees,

Measuring Training and Other Weak Effects

The main point to be made here is simply that interest in the
retention of tasks by military personnel should not be allowed to con~-
found transfer issues, Of the many problems associated with training
assessment, the most difficult by far is the measurement of cause and
effect.! 1In any system, the further removed that the outcome being
assessed (in this case, performance on Task B) is from the inputs that
are to be evaluated (in this case, practicing Task A using a device),
the greater is the uwumber of extraneous variables that obscure the
relationship being explored, What is measured in an assessment of
"typical" on-the-job performance is inevitably the result not only of
practice on the device, but also of adequacy of selection, of individual
differences in working habits and personal characteristics, of the
effects of supervision, and of the error impact of numerous teinporal
and idiosyncratic conditions that affect performance of Task B, The
results also are affected by how much (and what) the trainee learns
between Tasks A and B. As a result, teasing out the specific impact
of practice using a device on the ultimate criterion of on~the-job
performance-~if it can be done at all=--is a very costly operation,
Each extranecus variable that must be controlled imposes additionai
requirements for measures and for sample size, and a truly responsive
design quickly assumes astronomical proportions.

Temporal effects on transfer obviously are important, in that
tracking performance decay provides information necessary for
scheduling "refresher" training, and may reveal differences associa-

IThis and other points in this section were made by Paul A. Schwarz
(1973) in a proposal written with the senior cuthor.
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ted with methods, rates, and amounts of original lecarning., But in
studies of device effectiveness it makes little more sense to measure
performance of Task B long after Task A has been learned than to search
for analgesic effects long after an aspirin has been administered.

For the reasons noted above and others, transfer studies typically
require Ss to learn Task B immediately or almost immediately after
learning Task A, The rationale here is that immediate measurement
reveais the maximum performance capability attributable to the treatment
(practice on the device in the present case), and this is really the
most appropriate criterion for assessing its specific effects.
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BOONE, Dr. James 0., Federal Aviation Administration Academy, Oklahoma
City, Oklahoma.

THE FEDERAL AVIATION ADMINSTRATION RADAR TRAINING FACILITY EMPLOYEE
SELECTION AND TRAINING (Tue A.M.)

The Federal Aviation Adminstration (FAA) has recently
constructed a radar training facility (RTF) in Oklahoma City,
Oklahoma, to aid in screening appropriate persomnel for work in
radar air traffic control (ATC). The approach is based on the idea
that limited exposure to simulated radar ATC in a controllled and
measured environment will lead to the identification of persons who
possess the siills and attributes necessary for success in this type
of work. This report describes the results of a study performed at
the FAA National Aviation Facility Experimental Center. (Now FAA
Technical Center) comparing an over-the~shoulder method of scoring
student performance with scoring by computer derived measures for
use in screening at the RTF.

Results indicate that the computer-derived measures are far
more reliable than over~the-shoulder scoring and the
computer-derived measures predict a global rating of potential
succcess 1in radar ATC at 1least as well as over-the-shoulder
scoring. The implications of the results are discussed in relation
to other automated training systems.
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THE FEDERAL AVIATION ADMINISTRATION'S RADAR TRAIMING FACILITY
AND EMPLOYEE SELECTIOM AND TRAINING

James O. Boone, Linda Van Buskirk, and JoAnn Steen
Aviation Psycholoay Laboratory, Civil Aeromedical Institute
Federal Aviation Administration, Oklahoma City, Oklahoma 73125 USA

Successful air traffic control specialists {(ATCSs) who have made a transition from
manual to automated air tcaffic control (ATC) appear to prefer the advantages in
the automated environment. However, some prospective ATCSs do not perform success-
fully in radar ATC. Successful employment in the radar environment requires that a
person possess certain aptitudes. 7Tt is in the interest of the Federal Aviation
Administration (FAA) and the prospective ATCSs to determine as soon as possible if
the prospective ATCS possesses the aptitude necessary to successfully operate in
the radar ATC environment. The philosophy of the FAA in regard to this selection
process is that the best way to measure aptitude is to place the prospective ATCS
in a radar simulation laboratory and perform a systematic, objective appraisal of
the person's potential. To this end the FAA has constructed a Radar Training
Facility (RTF) at the FAA Academy in Oklahoma City, Oklahoma. The training/
screening process inrolves a mini~radar treining program with rigorous assesswont
which occurs over a 4- to 5-week period. During this period, the trainee receives
basic radar training sufficient to allow systematic evaluation of his or her
performance. Those who demonstrate potential to become successful ATCSs are
retained and those who do not are screened from the program. To explain this
system, the RTF background, RIF pcsitions, system operation, and the evaluation
process are described in detail below.

The original simulators used in FAA ATC training were "patches" developed for the
operational automated field systems. The "patches" permitted flexible training at
designated positions without interfering significantly with the operational
positions. Experiences with these prototype simulators resulted in at least two
major notions related to using simulation for radar training. First, the value

of computer-driven simulation for training purposes was firmly established.
Second, several problems asscciated with using operational field systems in a
training mode were identified. A 1965 Institute for Defense Analvsis (IDA) study
on the training of air traffic controllers 4. .cussed some cf these problems and
suggested that a standardized computer~driven program should be established by the
FAA to provide basic radar training. The IDA study further suggested that the
radar training should be pass/fail to select out those persons who did not
demonstrate the potential to perform proficiently in a radar envircnmant.

In July 1976, ergineering requirements were completed by the FAA for a radar
training system. During that same month the FAA Administrator approved the
procurement and construction of the RTF to be located at the FAA Academy in
Oklahoma City.

In October 1977, the FAA completed a prcgram implementation plan that outlined the
development and implementation of the RTF. The contract for the development of the
computer-driven simulator training system was awarded to Logicen, Tactical and
Training System Division, San Diego, California, in January 1978. Groundbreaking for
the construction of the new RTF at the FAA Academy was held on December 22, 1977.
The new facility was built and accepted by the FAA in January 1980, and the training
systen developed by Logicon Corporation was accerted in Apral 1960.
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RTF Training System and Laboratory Configuration.

The primary objective of the RTF is to closely duplicate the gpecialized operatioral
environment existing at automated terminal and en rcuie facilities as well as have
the capability of syathesizing and presenting a wide variety of air traffic control
situations. These situations would be based on a reference data base created
through scenario programs with a full range of control necessary to establish a

1 realistic simulation of actual aircraft traffic under a variety of conditions.

To accomplish this objective, four independen: laboratories are utilized. Figure 1
describer how the laboratories are configured.

; Positions. There are Trainee posit.ons and Supervisory and Support positions/stations
corresponding to each radar training sector. At a "position," the operating persounel
have input/output (Z/0) equipment access to the system with associated voice communi-
cations for mopitoring, imstructing, and supervisory functions.

Trainee Position.

1. Radar Control Position (R). The R controller positions (six in each lab)
have a display console, (PVD) for en rounte and (DEDS) for terminal. They have
associated volice communications. The displays and voice communications are similar
to those at field facilities. Displays include maps, weather, aircraft position
symbols, alphanumeric readcuts, and other digital and symbolic data.

2. MNonradar Controller Position (HO/D). The D controller for en route and
the HO position for terminal (six in each lab) have the capability of making and
accepting handoffs. This position also permits training for manual or nonradar
control by using flight progress strips generated by the flight strip printers.

3. Pilot Position (P). Three pilot positions are associated with each
sector (18 in each lab). These positions are in a separate room. Each position
operator performs at a console with a tabular display and keyboard for data entry
with associated voice communications. These operators simulate aircraft pilots
during the exercise by actual responses to ATC clearances/instructions.

T e M e A A g g W NS Wy 5 g\ e
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4, Ghost Position (G). This position is asscciated with each R and/or
HO/D position. There are six ghost positions 'in each lab. The position console
and display are identical to those of the pilot position. The ghost position
operator adds realism tc the exercise by performing -elated functions of adjacent
centers, terminals, f£light service stations, and positions/sectors. Functions
include initiating handoffs, accepting handoffs, and generally ghosting functions
of other facilities/sectors.

Supervisory and Support Positions/Stations.

1. Instructor Station (I). An instructor station is providea at each
sector (six in each lab). The instructor has voice communication wiCh each student
and monitors the overall exercise from behind the trainee positicmus.

2. Pilot Supervisory Station (£i). This position (one in each pilot room)
has voice communications for supervising, monitoring, and instructing operation of
pilot positions as well as for coordinating activities with the master instructor
station and the system monitor position.
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3. Master Instructor Station (MI). This position (one in each lab)
contrels the exercise within the lab. The position has a tabular display, a data
entry keyboard, and associated voice communications with each trainee and with

each operator of ghost, instructor, and pilot positions in the lab. The master
instructor station will permit setting clock time, starting, monitoring, freeziing,
backing up, replaying, and restarting the exercise as necessary. The position also
provides for data recording and analysis of the exercise.

4. System Monitor Position (SM). One position is provided for each lab.
The position will have voice communications with two master instructor positions
and two pilot supervisor positions. The position will permit computer operation
and operational and maintenance monitoring.

Figure 2 describes the system configuration for operating the positions and
stations in each laboratory. The training sectors are controlled by a Digital
Equipment Corporation (DEC) PDP 11/60 computer with a PDP 11/34 computer serving
as an interface between the PDF 11/60 and the operating positions.
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The training process involves three sequential systems of operation: (1) SCENARIO
GENERATION --- (2) REAL-TIME --+ [3) PERFCRMANCE MEASUREMENT. Scenario generation,
illustrated in Figure 3, is the non-real-time process of building exercises and
evaluation problems for the system. Aircraft characteristics, flight plans, and
other essential information of this type are stored in the Universal Data Files (UDF).
The exercise is built by first selectively retrieving intermediate files and then
creating other intermediate data files from the universal data base through the
scenario management program.

The real-time component, illustrated in Figure 4, utilizes the scenario management
files to generate the actual radar simulation exercise. The real-time component
drives the display at the radar position. Aircraft movement is controlled through
the pilot and ghost positions according to the instructions the operators of those
positions receive from the controller trainee or, in some cases, from a scenario
prompt which appears on the cathode-ray tube (CRT) at the pilot or ghost positions.
During the operation of the real-time training exercise, all actions taken during
the exercise are recordad.

At completion of the exercise, the computer will analyze the recorded actions to
determine violations of separation standards and to quantify other pertinent
performance information, such as dclay times, in order to evaluate the siudent's
ability to move air traffic "safely and expeditiously." The process of student
performance measurement is illustrated in Figure 5.

Table 1 contains a list of the computer-derived measures tc be employed in eval-
uating the students' performance on a given problem. The primary focus of this

paper is the student performance component in the training system.

TABLE 1. List of RTF Measures

1. Number of aircraft in the sample
2. 1Ideal aircraft time-in-system (based on filed flight plan)
3. Ratio of the ideal aircraft time in system and the number
of aircraft in the sample
Number of completable flights
Data period duration
Number of arrivals
Number of departures
Arrival/departure ratio
Arrival rate scheduled per hour and departure rate scheduled
per hour
10. Conflicts--terminal (3 nautical miles (NMI))
11. Conflicts~~en rouce (5 NMI}
12. Number of delays (start time)
13. Delay time (start time)
14. Number of delays (hold and turn)
15. Delay time (hold and turn)
16. Number of delays (arrival)
17. Delay time (arrival)
18. Number of delays (departure)
19. Delay time (departure)
20, Number of delays (total)
(TABLE 1 continued on next page)--
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(TABLE 1 continued)-- 6

21. Delay time (total)

22. Aircraft time-in-system (real)

23. Number of aircraft handled

24. Number of completed fligl.ts (total)
25. Number of arrivals achieved

26. Arrival rate achieved per hour

27. Number of departures achieved

28. Departure rate achieved per hour
29. Number of air-around contacts

2C. Air-ground c-mmunications time

2L. Number of al%itvadc chenges

32. Number of hzadiny changes

33. Number of spe-d clLanges

34. Nmrber of p:th chaages (altitude, heading, and speed)
$3. llumber of hardoufs

Background in P2rformance Measwui: “ent .

fhe earliest stiudies in air traffic cuntru; wnich used some form of automated
ineasurerent were conducted by & Civil aeronautics Administration (CAA) group in
Indianapciis, Indiana, at the .echnical Deviinrnent Center (TDC) with support from
the Fraukliir Institvte of Philadelphia 1%,2v £i 35). The "dynamic simulator" used
it the TIXC consisted of a translucent screw:n on which naps could be projected with
motor-~ariven fight projactors capabls of nrose-cing a spot of light and moving it
acruss the gc ‘een to simuaate radar echoes {xom an aircraft. Personnel acted as
pilots oy mo ins the aircra’t across the scresns according to the cuntrol messages
they received over a telepl.ne I :. The setup resembled the radar Plan Position
Indica%ovs (PPI) uscd in a.- trafiic control (15). Research at this iacility
spanned fyoim 1437 o 1959, at. whic., point it was moved to the Natiomal Aviation
Facilities Expcrimental Center (MArE(; renamed FAA Technical Center in May 1980). v

The research at TDC covered topics in air traffic control such as (i) airport design,
(ii) approach systems, (iii) ATCS workload, {(iv) data acquisition, and (v) decision
making. Reports on the s.adies contained quantitative data on (i) number of .
sepaiation violiations, (ii) number of aircraft delayed, (iii) average delay per
aircraft, (iv) altitude changes, (v) number and length of communications, and (vi)
number of missed apprcaches (10,11,12,13,14,67,68,69).

Concurrent with the TDC studies, a series ¢£ 19 simulation-based experiments were
condac*.d in air traffic conirol ar Li2 Ohio State University's Aviation Psychology
Laboratcry under the direction of Paul M. Fitts (27). The studies were performed
between, 1954 and 1961 and involved measurement of controller performance. In 1954
Hixson et al. (34) developed an electronic radar target simulator for air traffic {
control studies. As a part of the development, Hixson made performance measurements !
on the accuracy of "“headings," "airspeed," "turn rate," and ":attitude" for each
target generated. A camera was mounted on the display indicqator and the path of the
Ajrcruit was recorded. Calculations were then computed from the recordings to

5 measure the ace.rav of the simulation. These measures were used to determine the
W accuracy of the system operation.

Later studies at Ohio State University involved more direct measurement of ATCS

performance and were conducted on a variety of topics such as (i) pattern-feceder
controllers, (ii) individual differences among subjects, (iii) display variables,
(iv) workload variables, and (v) procedural variables (9,35,37,39,40,41,42,43,44,
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45,46,47,48,49,52,57,58,59,60,61,66). Several different types of measuius were

used to assess subject and system performance. Thes2 include measures of (i) overall
flight time, (ii) percent delay time, (iii) fuel consumed, (iv) missed approaches,

(v) separation errors, (vi) time intervals between landings and departures, (vii) time
and frequency of communications, (viii) delay time in responding to emergency situa-

tions, and (ix) traffic load, i.e., number of aircraft in the problem and number of
alrcraft handled.

£
| ‘
H

buring the 1960's research involving ATCS performance was done by at least three
groups: (i) the MITRE Corporation, (ii) the Systems Development Corporation, and
(iii) NAFEC. Between 1961 and 1963 the MITRE Corporation conducted six studies in
air traffic control. The six studies covered topics in (i) high altitude air traffic
control, (ii) beacons and automatic tracking, (iii) display clutter on the CRT,

(iv) multisector coordination, (v) handoff procedures between en route and terminal,
and (vi) conflict resolutions (33,36). The studies were performed by computer-gener-
ated simulation where "canned" scenarios were constructed and then run in real time.
Automated measures taken in the studies included: (i) traffic lead, (ii) toletype
usage, (ili) frequency of various displays, (iv) flight plan deviations, and

(v) conflicts.

In 1961 the System Development Corporation began a series of studies in air traffic
control. The studies were performed by computer-generated simulation and sufficient
information from each program to subsequently reproduce the problem was stored on

mag tape. Studies were conducted on topics such as: (i) spacing of aircraft, (ii)
geographic point of aircraft entry, (iii) heterogeneity of aircraft, and (iv)
procedural varietions (2,3,4,5,6,7,8,25,29,30,54,55,56). The stored data from the
problems made possible an extensive list of postexercise measures. These included

(i) safety violations, (ii) percent of time aircraft in holding pattern, (iii) percent
of aircraft held, (iv) difference between actual flight time and time by the shortest
available path, (v) the ratio of iii and iv, (vi) mean time spacing between suc.essive
aircraft, (vii) aircraft waiting time before departure, (viii) delay time holding,

(ix) fuel consumption, (x) variability in aircraft arrival time, (xi) number of

radio communications, (xii) average communication time, (xiii) average number of
communications per aircraft, (xiv) total communication time, ‘»v) number of controller
data entries, and (xvi) number of clearance points an aircraft passed.

Perhaps the most extensive research during the 1960's involving performance measure-
ment occurred at the FAA NAFEC facility. As previously mentioned, the simulator at
the TDC was moved to NAFEC and used until about 1962. Between 1960 and 1962 NAFEC
also nad a Model A and Model B simulator installed. The simulators generated radar
echoes on a CRT. Pilots were also employed to move the echoes around on the CRT.
Later, a Sigma 5 computer was introduced which extended NAFEC's simulation capa-
bilities. A sampling of the research topics covered included: (i) dual approaches,
(ii) combining approach facilities, (iii) equipment arrangements, (iv) traffic flow
patterns, (v) final approach spacing, (vi) display usage, (vii) airspace jurisdic-
tion, {viii) helicopter movement, (ix) supersoric control procedures, (x) airport
site selection, and many more (1,20,26,32,38,50,53,64,65,66,70,71). Measures
employed in the studies consisted of (i) delay time, (ii) number of vectors,

(iii) number of holds, (iv) conflictions, (v) aircraft time in the system, (vi)
interval between arrivals, (vii) communication workload, (viii) number of departures
and arrivals, (ix) the ratio of departures and arrivals, (x) missed approaches,

(xi) total aircraft handled, and several others.

-
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During the 1960's and into the 1970's, there was a shift in emphasis in performance
measurement at NAFEC. While most of the prior NAFEC research had employed these
measures to evaluate various eguipment, procedures, or configurations, research
interests shifted to using automated performance measurement to evaluate how well
the ATCS was performing. The basic notion at that time was to construct norms on
ATCS proficiency through Controller Periormance Measurement (CPM) (19,22). A 1969
study on controller aging (20) set the groundwork for the NAFEC effort in CPM, and
later two experiments termed PROBIL tests further supported the basic performance
measurement rationale (21). The tests demonstrated the possibility of developing
parallel problems and of identifying a consistent ATCS profile across different
sectors. The early tests demonstrated that a laiger random sample of representa-
tive ATCSs was needed in order to proceed.

With the introduction of the RTF, it was decided that the feasibility of using
computer-derived measures to evaluate ATCS student performance should be studied.
The present system of student evaluation consists of an over-the-shoulder observation
of students by expert air trallic conlroilers with recent field experience. Scores
are comprised on the basis of a composite of instructor ratings (Instructor Assess-
ment) and a count of errors committed while controlling simulated aircraft (Prcblem
Average). A study was designed, employing the computer-driven ATCS simulaticn lab
at NAFEC, to study the possibility of using automated measuring devices as a substi-
tute for the Problem Average portion of the composite score. The purpose of the
study was twofold: (i) to make a preliminary assessment of the feasibility of using
computer-derived measures (CDM) to evaluate student laboratory performance and (ii)
to improve the over-the-sho: lder evaluation procedure for student laboratory
evaluation.

Methods. To accomplish these goals, 48 students, 24 en route and 24 terminal, were
transported to NAFEC to receive radar training and evaluation at the Dynamic Simu-~
lation Facility. The students were evaluated over-the-shoulder by an instructor and
the problems were recorded by computer on mag tape and later reduced to a set of
computer-der_.ved measures (see Table 2 for a listing of the measures used) .

Five problems in increasing complexity were administered to each student. Each
instructor had an opportunity to observe each student at least once. Or problems 4
and 5, randomly selected students were evaluated over-the-shoulder simultaneously and
independently by two instructors. An index of agreement (reliability) was computed
on the simultaneous evaluations by forming a ratic of the number of agreements over
the total number of error conditions recorded by the two instructors. An initial
laboratory evaluation manual and a laboratory evaluation form were developed by
consensus of the instructors in each option prior to the study; the manual and lab
form were modified during the study based on new agreements formed after reviewing
the disagreements con the laboratory evaluation forms.

After each student was evaluated on the individual problems, each instructor pro-
vided an overall, global rating, stating the student's potential to become a full
performance ievel (FPL) radar controller. The rating was a 5-point global scale, :
(1) definitely will not become FPL, (2) maybe (doubtful) FPL, (3) minimally acceptable
FPL, (4) good FPL, and (5) definitely ercesllent FPL. The global riting was based

on the instructor's observations of the student operating the radar problems.

Analyses included the following: To determine the feasibility of using computer-
derived measures, those measures were used in a regression equation to predict the
{i) problem averagc (PA), (ii) instructor assessment (IA), and (iii) total score on
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TABLE 2. A Listing of the Computer-Derived Measures and Their
Corresponding Reference Numbers Employad in the NAFEC Study

1. Couflicts (5-mile separation)

2. Conflicts (3-mile separation)

3. No. Start Point Delays

4., Start Point Delay Time

5. No. Turn and Hold Delays (turns longer than 100 seconds)

6. Turn and Hold Delay Time

7. Aircraft Time-in-System

8. No. Aircraft Handled

9. No. Completed Flights (transfers to 130.5 must be from ghost position)

10. No. En Route Departures (Code 2)

11. No. Terminal Arrivals (Code 3}

12. No. Terminal Departures (Code 4)

13. WNo. Air-to-Ground Communications Time

14. Air-to-Ground Communications Time

15. ©No. Altitude Changzs (pilot keyboard messages)

16. No. Heading Changes (pilot keyboard messages)

17. No. Speed Changes (pilot keyboard messages)
! 18. No. of Handoffs From Feeder Position to Subject
; 19. Handoff Delay Time
% 20. No. Beacon Re-Idents
H
H

the over-the-shoulder evaluation. Further, the individual problem scores from the
over-the-shoulder evaluation were used in a regression equation to predict the
global rating score for each student. A regression analysis was performed using
the CDM and IA regressed on the global rating to compare with the PA and IA on the
global rating. The indices of agreement reliability for the simultaneous over-the-
shoulder evaluations were also computed and listed by problem and option. A
reliability index (intraclass correlation) was also performed on the global rating
data. Profiles across students and across instructors were computed by stratifying
\ the errors on the lab forms according to error categories identified by a group of
controllers who reviewed the worksheets. The freguencies of the errors were thern

; summarized by category (Table 3 contairs a listing of the over-the-shoulder measures).
An orthogonal, varimax factor analysis was also calculated to group the measures in
multidimensional space and to compare the underlying dimensions of the error
categories in the over-the-shoulder and computer-derived measures.

- The reliability coefficients for the over-the-shoulder problem averages were computed
as previously described. The global rating and instructor assessment reliabilities
k. i are intraclass correlations across all instructors for each student. The reliability
" coefficients are important for several reasons. In the case of the over-the-shoulder
evaluation, it indicates the proportion of times that two instructors agreed on a

}: particular error marked against the student's grade. Disagreements occurred in two
~§2 ways: The instructors recorded the same event as an error but differed in the type
ﬂ; of error they called it, or one instructor recorded an error for an event while the

b other instructor either failed tu see or did not judge it to be an error. It can

be readily noted that the instructor assessment is more reliable than the problem
average. The reliability of the problem average is important since the wralidity

of a measure cannot exceed its reliability. Consequently, it is very important

to standardize any portion of the grading procedures that requires instructor
judgments.
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TABLE 3. A Listing of the Over-the-shoulder Measures
and Their Corresponding Reference Numbers
I. SYSTEM £RRORS (S)
1 - Vertical 3 - Terrain
2 - Lateral, long 4 ~ Airspace outside radar coverage

II. SYSTEM DEVIATIONS (D)
1 - Airspace (lateral)
2 - Altitude (facility)
3 - Altitude (aircraft data block) (min. separation used, no alt. verification)

III. PROCEDURE {(P)

1 - Keep them high 14 - Missed approach instructions
2 - Speed coavrn? 15 - Remarks
3 ~ Bad vectoy 16 - Improper conrdination
4 - Delav 17 - Beacon code
5 - L.0.A. (letter of agreement) 18 - Point out
6 - Holding-EAC/EFC 19 - Route
7 ~ WAFDF (wrong altitude for 20 - Altitude
direction of flight) 21 ~ Transfer control
8 -~ Needless altitude change 22 - Change of destination
9 - Radar contact not given to ACFT 23 - Change of ACFT. Status (VFR/IFR)
10 - No reason for vector 24 - pltitude verification
11 - Traffic 25 -~ Clearance
12 -~ Position of ACFT. Incorrect or
not given.

13 - SID (change in route)

IV. OTHERS (0)

1 - Phraseology 5 - Improper feedback of wrong

2 -~ Strip marking information

3 -~ Altimeter not issued 6 - Data block update within sector
4 - Overrestriction 7 - Board management

TABLE 4. Maeliability Coefficients for the Over-the-Shoulder
Evaluation and Q-Sort by Option

Problem Average Instructor Assessment Total Score Global Rating

Terminal .326 .582 .433 .234
En route .294 .561 .427 . 266

Model 1 (Table 5) demonstrates the ability of tbe computer-derived measures to
duplicate the problem average in the over-the-shoulder evaluation. The Beta weights
indicate the relative importance of each of the computer measures in the duplication
process. The "R," multiple correlation, ranges from -1.0 to +1.0 and is a measure
of the overall fit of the model. A .5212 is a moderate to good value; however, the
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value could increase considerably if the unreliability in the problem average were
minimized.

TABLE 5. Regreszion of Computer-Derived Measures (CDM)
on the Over-tlie~Shoulder Problem Average (PA)
Model 1
Predictors = 1-20
R = 0.5212

v BETA
1 0.1147
} 2 0.0365
! 3 0.2637
§ 4 0.0123
i 5 0.1704
: 6 0.0126
; 7 0.0298
' 8 0.1649
; 9 0.1791
; 1c 0.8536
i 11 0.0586
; 12 0.6821
. 13 0.2704
F 14 0.3552
‘ 15 0.2906
‘ 16 0.1167
17 0.0542
18 0.2582
19 0.1593
20 0.0507

Models 2 and 3 {(Tables 6 and 7, respectively) demonstrate how well the computer-
derived measures duplicate the instructor assessment ana the total score. The
increase in "R" for instructor assessment is probably due to a better reliability
in the instructor assessment.

Model 4 (Table 8) demonstrates in the Beta weights a tentative schema for weighting
the lab problems to form a composite lab score. The information provided by the
problems is highest in problems 4 and 5. The maximum amount of information peaks at
problem 4. Thus, a five-problem lab grading procedure offers the most information,
but a four-problem procedure would be an efficient manner of maximizing information
in the shortest time frame. The relative weightings for five problems would be 10,
10, 15, 40, and 25, and for four problems would be 15, 15, 30, and 40.

Models 4 and 5 (Tables 8 and 9, respectively) demonstrate how well the cormputer-
derived measures can be used in place of the problem average in predicting the global
rating. The multiple "R" drops from .4493 to .4299, an insignificant decline. For
practical purposes, the computer~derived measures can be used in place of the
Eroblem average in forming an overall grade. This approach would have at least one
very strong advantage. The computer-derived measures are completely reliable whereas
th2 problem average is considerably unreliable. Combining the highly reliable
computer-derived measure with the moderately reliable instructor assessment creates
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TABLE 8. Regression of 5 (PA+IA)*Probs on Global Rating

Model 4
Predictors = 1-5
R = 0.4493
\Y RETA B
Prob 1 0.0928 0.0062
Prob 2 0.0742 0.0043
Prob 3 0.1376 0.0096
cd . Prob 4 0.3029 0.0147
u Prob 5 0.1923 0.0090
& ' *Problems REG. CONST. = 1.8253

TABLE 9. Regression of CDM+IA on Global Rating

Model 5
; Predictors = 1-5
% R = 0.4299
}
- i v BETA B
] 3
A Prob 1 0.1851 0.0007
% : Prob 2 0.3521 0.0012
‘ Prob 3 0.8663 0.0017
Prob 4 0.0515 0.0001
Prob 5 0.6531 0.0012

a problem average reliability of approximately .750, which is a significant
improvement over the previously reported .433 and .427 for terminal and en route,
respectively.

The evidence from Models 1-5 suggests that the computer-derived measures are useful
and valuable contributions to the assessment process. The validity of the measures
is not established hy this study; however, using the computer measures in place of
the over-the-shoulder problem average increases the reliability sicnificantly, and
r~'iability is the upper bound for validity.

The factor analyses offer a means to (i} identify cluster areas where general measures
are incurred by students and (ii) provide a comparative basis for the underlying
structures of the two grading systems. The factor analyses ponint eut at least two
major differences in the two evaluation models: delays and system deviations. Delays
are difficult to determine over-~the-shoulder and no method was available to measure
system deviations in the computer-derived measures. A next step would be to attempt
an optimal combination of over-the-shoulder measures and computer-derived measures

to be averaged with the instructor rating.

Conclusions.

It was concluded from the regression models that the computer-derived measures predict
a global rating criterion of potential ATC on~-the-job success at least as well as the
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! over~the-shoulder evaluations (Models 1, 2, and 3). PFurther, it was found that the
over-the~shoulder evaluations are not as reliable as the computer-derived measures
(Table 3). Since reliability is in gener~l the upper bound for validity, using
computer~derived measures would enhance the probability for higher validity. The
computer~derived measureg, it appears, can be substituted for the over-~the~shoulder
ratings and used to form a composite laboratory score. Model 4 demonstrates that
four or five problems should be employed in forming the laboratory composite with
unit weights of (i) 1‘ﬁybﬂ,\30, and 40, or (ii) 10, 10, 15, 40, and 25, respectively.
These results havw“ﬂﬂ%hﬁbQ@%nns for other training programs where expert observations
and ratings qwa$A§§cyéﬁwkp%hscoring. This study indicates that computer scoring can

. RN M N . . . N P
provide a moww tm&ﬁﬂhﬁxﬁﬂ@ﬂ& reliable measurement, and this increased reliability
provides po&ymt&ﬁ#ﬁﬁn\y uhaneing a program's validity. Further research in this area

. N RO s
should lnc;ﬂuw-uﬁqqﬂged analysis of factor structures of the two measurement

techniques (Tab1é"10) in an attempt to reach an optimal scoring schema using both
computer scoring and expert observation. Future research should alse include a long
range validity study to determine which measurement technique is more valid in
predicting on-the-job success.

TABLE 1C. Factor Analyses of the Over-the-Shoulder and Computer-Derived Measures

Computer-Derived Measures Over~-the~Shoulder
i Measure *Loading Measure *Loading
f FACTOR 1 (Conflicts) FACTOR 1 (Conflicts)
% 1. Conflicts .7843 1. System Error .818y
1 2. System Error .6441
: FACTOR 2 (A/C Werkload) 3. System Error .6088
' 4. System Erroxr .6836
1. start Point Delays .4214
2., No. A/C Handled .8762 FACTOR 2 (System Deviations)
3. No. Completed Flights .7304
4. No. Arrivals .6209 1. System Deviation .5144
5. No. of Departures .5347 2. System Deviation .4163
3. System Deviation .5883

FACTOR 3 (Delays)
FACTOR 3 (Departures)

1. Turn and Hold Delays .4574
2. A/C Time in System .6302 1. Keep Them High .7902
3. Handoff Delay .4039

FACTOR 4 (A/C-Vectoring)
FACTOR 4 (Communications)

1. Bad Vector .5514
1. Air-to-Ground Contacts ;8253 2. No Reason Vector .5108
2. No. Beacon Re~Idents .4%78 3. Holding .4232

3. No. Heading Changes .4291
FACTOR 5 (Arrivals)
FACTOR 5 (A/C Direction Vectoring)

1. Missed Approach .6057
1. No. Speed Changes L7126
2. No. Altitude Changes .5284
*Only Zoadiungs of .400 or better were retained. (TABLE 10 continued)--
B0OO-14
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7.

TABLE 10 continued»> Over-the~Shoulder
Measure *Loading

FACTOR 6 (A/C Direction)

1., Improper Coord. 5511
2. Routing Error .4294
3. Position A/C

Incorrect .4129

4. Altitude Verification .5423

FACTOR 7 (Communications)

1. Traffic .4374
2. Remarks .4863
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ATTITUDES TOWARD WOMEN'S ROLES AND ORGANIZATIONAL COMMITMENT
WITHIN THE CANADIAN FORCES. (Fri A.M.).

This paper presents preliminary analyses of data currently
being collected by the Canadian Forces in connection with the Women
-in-Near-Combat Environments (WINCE) evaluations. Using Spence and
Helmreich'®s Attitudes Towards Women Scale (AWS) and Cotton's
Military Ethic Scale (MES), the attitudes toward women's roles in
society of selected samples of CF personnel are examined in relation
to a number of organizational commitment variables. In addition,
the relationships between a number of biographic and demographic
factors, and traditionasl versus equalitarian/profeminist attitudes
are investigated. The theoretical and practical implications of
these analyses are addressed.
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ATTITUDES TOWARD WOMEN'S ROLES:
A PRELIMINARY ANALYSIS OF
CANADIAN FORCES' PERSONNEL®*

Lieutenant Diane G. Boyce and Captain Brian E. Belec

Canadian Forces Personnel Applied Research Unit,
Toronto, Canada

INTRODUCTION

The Canadian Forces (CF) are currently conducting a series of evaluations
in order to assess the impact, on operational esfectiveness, of integrating women
into near-combat envircnments*®*, These evaluations are being carried out as a
result of two essential issues. The first of these was the promulgation of the
Canadian Human Rights Act (CHRA) (March, 1978) which prohibits exclusion from
occupational areas on the basis of sex - unless the employer can establish that
such exclusicn is based on a bona fide occupational requirement. The second issue
concerns 4ifficulties in sustaining current and future (projected) manpower
levels. Socicv-demographic analyses indicate that the traditional recruit
population (i.e., males 17 to 24 years of age) will not provide an adequate source
of personnel for nrojected manpower requirements into the 1980s and 1990s (Tierney,
1979; Tierney and Pinch, 1980). Given these legal and demographic trends, the
Women-in-~Near-Combat Environments (WINCE) evaluations are designed to determine if

bona fide occupational requirements exist that might restrict employment of women

in nontraditional areas, and the extent to which women's participation may be
expanded within the military.

Research conducted in the United States has shown that, from the mid-1940s
to the early 1970s, women consitituted less than two percent of total military
strength, and were restricted largely to health care and administrative/clerical
occupationy., It has only been in recent years that women have been employed as
electrical equipment repairmen, aircraft maintenance personnel, communications
experts, and teliephone linemen - among the many other nontraditional career fields
(Binkin & Bach, 1977; Landrum, 1978). Similar trends have been visible within the
Canadiar military. Until recently, Canadian women were recruited to fill primarily
traditional women's occupations. However, as a result of the socio-demographic and
legal issues noted ahove, women's participation within the military has been
expanded to include employment in nontraditional environments. One area which may
have important implications for the integration of women concerns the attitudes
teward women's roles in socjety held by CF personnel, both male and female, who
may/will be employed in near-combat environments.

Attitudes toward women in sociely have generally been examined in terms of
traditional versus profeminist/egalitarian attitudes (Spence & Helmreich, 1972).
The traditional orientation emphasizes the "stereotypic" role of women in society,

*The views and opinions in this paper &re those of the authors and not necessarily
those of the Depar.ment of National Defence. The authors wish to acknowledge the
comments of Major ¥.C. Pinch on earlier drafts of this paper,

*%The term "Near-Comhat Environments" refers to employment in land combat support
units, in noncombatant ships and aircraft, and in isolated settings.
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which distinguishes the kinds of activities considered appropriate for men and
women., Conversely, the profeminist/egalitarian perspective downplays sex-typed
roles and emphasizes equality of men and women.

One instrument that has been frequently used to measure traditional versus
profeminist/egalitarian orientations is the Attitudes Toward Women Scale (AWS)
developed by Spence and Helmreich (1972; 1973). The AWS was recently employed in
research conducted at the three Canadian Military Colleges (CMCs) and several
Canadian c¢ivilian universities {(Prociuk, 1930). Tn addition, it was used in
research conducted at three United States Military Academies (Durning, 1978).
Thus, the use of the AWS in this study permits comparative analysis with the
findings of Prociuk (1980) and Durning (1978).

Research over the past decade has shown that such socic-demographic factors
as age (Thornton & Freedman, 1979; Mason et al, 1976), education (Thornton &
Freedman, 1979; Mason et al, 1976), language group affiliation (Schreiber, 1975;
Pinch, 1978), and community size (Pinch, 1978) are associated with subjects'
attitudes toward women in society. This body of research suggests that better
educated women, from more wurbanized and industralized centres, hold more
egalitarian attitudes toward women's roles in society. Research on the
relationships between age and sex-role attitudes (Thornton & Freedman, 1979; Mason
et al, 1975) and between language group affiliation and sex-role attitudes (Lipset,
1968; Schreiber, 1975; Pinech, 1978; Proeciuk, 1980) has proved contradictory.

Accordingly, the relationships between age, level of education, language
group affiliation and community size, and orientations toward the roles of women in
soziety, for CF personnel, were examined.

In essence, then, this paper looks at the attitudes toward women's roles in
society, and the relationshps between these attitudes and selected demographic
variables for two groups (one female, one male) of CF personnel.

METHOD

For purposes of this paper, data collected from 405 Canadian Forces
personnel (277 servicewomen and 128 servicemen) were analyzed. The female sample
consisted of all the servicewomen who were preselected to participate in the WINCE
evaluations. The male sample included 38 members serving on board HMCS Cormorant
and 90 members serving with 4 Service Battalion. Data on the males were collected
prior to the arrival of females at their respective units.

Two survey instruments were administered: the Women's Trials Biographical
Questionnaire (WTBQ) and the Women's Trials Attitudinal Questionnaire (WTAQ). The
WIBQ is designed to determine the socic-demographic bzckground of the respondents,
as well as some basic attitudes concerning their association with the Canadian
Forces. The WTAQ is designed to measure respondents' attitudes toward women in
society [as measured by the 25-item version of the Attitudes Toward Women Scale
(AWS) developed by Spence, Helmreich & Stapp (1973)] and witnin the CF. The AWS is
a Likert-type scale that measures attitudes concerning the rights, roles, and
privileges women have, or ought to have, in such areas as vocational and
educational choice, dating and courtship, sexual behaviour, and marital roles
(Spence & Helmreich, 1972). More specifically, it deals with such factors as
equality of opportunity for women in educational and vocational spheres, and
reflects attitudes concerning social/sexual relationships between men and women,
and what constitutes "ladylike behaviour" (Spence and Helmreich, 1972).
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The AWS is considered a fairly reliable instrument. Measures of internal
consistency (coefficient alpha) (Nie & Hull, 1977), taken in previous research,
have produced coefficients of .838 for Queen's University students and .841 for
University of Manitoba students (Procuik, 1980).

Surveys were administered at the respondents' current places of duty bty
Base Personnel Selection Officers, under guidelines established by the CF
Directorate of Personnel Applied Research, Ottawa. Coding of responses was
completed by the research staff of the CF Personnel Applied Research Unit; Toronto.

ANALYSIS AND DISCUSSION

Each item on the AWS was scored from 0 to 3, with 0 reflecting the most
traditional attitude and 3 indicating the most liberal/profeminist attitude. The
respondent's score on the scale was the sum of the scores on 2ach of the 25 items.
Thus, scores ranged from 0 to 75.

Measures of internal consistency (coefficient alpha) for the two groups of
CF  personnel produced coefficients of .798 for servicewomen and .829 for
servicemen, both of which are comparable to those reported by Prociuk (1980). Thus
it would appear that the AWS was a fairly reliable instrument for these two samples.

Prceiuk (1980) found that the AWS mean scores of cadets at either Royal
Military College (RMC), College Militaire Royale (CMR), or Royal Roads Military
College (RRMC), reflect significantly more egalitarian attitudes toward women's

roles in society than those expressed by male cadets at either the United States
Military Academy (USMA), United States Air Force Academy (USAFA), or Unites States

Naval Academy (USNA). Appendix 1 lists applicable means and standard deviations.
Similar analyses indicated that there are no siguificant differences in attitudes
toward women's roles in society between CF servicemen and CMC cadets (either RMC,
CMR, or RRMC)., AWS mean scores of CF servicemen, like tnose of CMC cadets, reflect
significantly more egalitarian attitudes toward women's roles in society than those
expressed by male cadets at the US Military Academies (either USMA, USAFA, or
USNA); (e.g., CF servicemen (U48.37) versus USMA males (U42.34); t(1386) = 6.09, p<{
.001). As indicated by Prociuk (1980), however, any firm conclusions must be
tempered by the fact that the US Military Academies' data were collected in 1976
and general societal changes in attitudes toward women may have contributed to the
obtained findings.

In addition, the AWS mean scores for CF servicemen versus civilian college
male students were compared. No significant differences between CF servicemen and
civilian male students (for any of the comparisons) were found. This is in line
with Prociuk's (1980) finding which indicated no significant AWS mean score
differences between CMC cadets and civilian college male students.

Next, AWS mean scores of CF servicewomen were compared to those of female
cadets at each of the US Military Academies. No significant dirferences in
attitudes toward women's roles were found for these groupns. However, the AWS mean
scores of CF servicewomen reflect significantly less egzlitarian attitudes toward
women's roles in society than those expressed by female civilian coilege students
(either Queen's, Manitoba, or CEGEPs) (e.g., CF servicewomen (55.66) versus Queen's
females (60.42); t(456) = - 4.51, p € .001). Differences in the educational
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levels of these two samples may explain, in part, the more egalitarian orientations
of the female Canadian college students as compared to the 1less educated CF
servicewomen. Similar results were reported by Mason et al (1976).

e

Obvious differences in AWS mean scores are indicated in all of the male
versus female comparisons. CF servicemen (U48.37) reflect significantly more
traditional attitudes than those expressed by CF servicewomen (55.66); t(369) = -
| 7.43, p £ .001l. Similarly, CF servicemen express significantly less egalitarian
attitudes than female cadets at US Military Academies and female civilian college
students. Finally, CF servicewomen reflect significantly more egalitarian
attitudes than those expressed by male cadets at both the CMCs and US Militapry
Academies, and male civilian college students. Appendix 2 shows all relevant
statisties.

As reported earlier, CF servicewomen expressed significantly more
egalitarian attitudes toward the rights and roles of women than CF servicemen.
While cognizant of the importance of gender differences in determining attitudes
toward women's roles (Erskine, 1971), it is essential to consider other factors
that might influence the obtained results.

As the average 1level of education for the females was significantly
different (greater) from that of the males (t(399) = 3.26, p = .001), the
relationship between level ~f education and attitudes toward women's roles was
examined separately for each sex. The Pearson product-moment correlation between
level of education and attitudes toward women's roles, for CF servicewomen, was
.16, p = .005. This finding is consistent with the results of previous research
which suggest that egalitarian cex-role attitudes are positively relaled to level
of education among women (Mason et al, 1976). This relationship was not
significant for CF servicemen.

For the entire sample of CF personnel, the Pearson product-moment
correlation between the size of community during adolescence and attituides toward
women's roles was found to be .}u, o < .04, Although the small absolute value of
this correlation means that any conclusions as to trend must remain tentative, the
relationship is in line with thc pattern found in previous research, where levels
of urbanization and industralization were shown to be positively related to
vgalitarian attitudes toward women.

While Thornton and Freedman (1979) reported that there was an inverse
relationship between age and egalitarian attitudes toward women, other research has
shown either that there is a positive relationship between age and egalitarian sex
role attitudes or that age has no effect on attitudes (Mason et al, 1976). The
results obtained here are consistent with the latter finding, i.e., no significant
relationships were found between these two variables for either males or females.

Examination of AWS mean scores reveals no significant differences between
Anglophone and Francophone servicemen. This finding is consistent with the results
obtained on male cadets at CMCs by Prociuk (1980). However, Anglophone
servicewomen (54.6) were more egalitarian than their Francophone counterparts
(51.0); (t(275) = 2.21, p £ .03).
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While Anglophones have historically been considered to hold more
contemporary views on a wide variety of issues than their Francophone peers
(Lipset, 1968), recent studies have shown either that Francophones are more
egalitarian than Anglophones (both Canadian and American) (Schreiber, 1975; Pinch,
1978), or that there are no differences between Anglophones and Francophones in
their attitudes toward women's roles (Prociuk, 1980). Given these contradictcry
findings, the problem becomes one of determining what factors might contribute to
the differences in attitudes between Anglophone and Francophone servicewomen.

Comparisons of mean scores indicate significant differences between
Anglophone and Francophone servicewomen with respect to age (26 years versus 24
years; t(273) = 3.06, p=.002), level of education (grade 12-13 versus grade 10-11;
t(275) = 2.51, p € .02), and size of community (15,000 population versus 7,500
population; t(z73) = 2.72, p { .0l). Thus, in this sample, the Anglophones were
older, better-educated, and from larger communities than the Francophones. Future
research will ascertain the relative importance of each 9f these variables in
determining the: differences in attitudes toward women's roles for CF servicewomen.

These differences between Anglophone and Frarcophone servicewomen might
suggest that Francophones would be more reluctant to assume nontraditional
employment or, indeed, to remain in the nontraditional settings to which they are
assigned, thaa their Anglophone counterparts. This was not borne out, however, as
ro differencus were found between their decisions regarding participation in the
trials. In other words, servicewomen who expressed traditional attitudes toward
women's roles were as willing to assume nontraditional employment within the

Canadian mi.itary as those servicewomen who expressed egalitarian/profeminist
attitudes.

This suggests that factors other than attitudes toward women's roles may be
operating. One possible set of factors revolves around differences in '"milivary
ethos" (Cotton, 1979; Prociuk, 1980); that is, between an '"occupational
orientation" (i.e., the roles and obligations of military personnel are limited to
those relevant to civilian employment settings, and involve lormal, contractual
arrangements and limited liability) and a "vocational orientation" (i.e., military
personnel have unlimited liability and an "implied contract" and should put service
and duty first, regardless of personal consequences) toward military service. It
may be that vocationally oriented servicewomen are more likely to assume
nentraditional military employment than those who adhere to an occupational
orientation. This issue remains to be addressed in subsequent research.

SUMMARY AND CONCLUSIONS

This paper presents a preliminary analysis of the data currently being
collected by the CF in connection with the Women-in-Near-Combat Environments
evaluations. Using the Attitudes Toward Women Scale; the attitudes of a sample of
Canadian Forces personnel, toward the roles of women in society, were compared to a
number of other military and civilian groups. Also, the relationships between
several biographic and demographic variables and these attitudes were investigated.
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The results indicated that the attitudes toward women, expressed by CF
servicemen, were comparable with those expressed by other militiary and civilian
male samples, The attitudes of CF servicewomen were found to be similar to those
expressed by other military female samples, but tended to be more traditional than
those of the selected civilian female samples.

The obtained results indicated that CF servicemen were more traditional in
their attitudes toward women in society than CF servicewomen. One practical
implication of this finding, with respect to the integration of women inio
near-comoat environments, is the possible reluctance of servicemen to peadily
accept servicewomen in nontraditional roles. Such a lack of acceptance may have a
negative effect on unit morale and operational effectiveness. In addition, the
analysis revealed a significant, but weak, positive relationship between size of
community and attitudes toward women for CF personnel.

Finally, for servicewcmen, it was found that Angloplione servicewowen tended
to be older, better-educated, and from larger communities than their Francophone
counterparts. Moreove:, Amnglcpnones were more egalitarian than Francophones in
attitudes toward women's roles. Despite no differences in respondents' willingness
to participate in the WINCE evaluations, one implication of this finding is that
Francophone servicewcomen may have more problems adapting to nontraditional roles
than Anglophone servicewomen. Subsequent research will address this issue.
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APPENDIX 1

ATTITUDES TOWARD WOMEN SCALE SCORES FOR

CANADIAN MILITARY COLLEGES,

e e 18

UNITED STATES MILITARY ACADEMIES,
CANADIAN CIVILIAN COLLEGES,

AND CF PERSONNEL

COLLEGE MALES FEMALES
] N Mean S.D. N Mean

;% CANADIAN MILITARY COLLEGES

RMC 380 48.95 9.39

5. CMR 296 48,34 9.60

- RRMC 188 48,46 9.91

fﬁ UNITED STATES MILITARY ACADEMIES

L

= ysMmaa 1277 42.34 9.91 115 57.33

e USAFAb 367 43.10 | 12.38 42 54.09

a USNAC 825 41.67 8.90 62 54,47

}i CANADIAN CIVILIAN COLLEGES
3 Queen's 132 51.74 | 10.72 194 60.42

< Manitoba 88 47.81 11.53 131 60.30

1 CEGEPs 100 49.33 | 11.00 112 60.90

CANADIAN FORCES PERSONNEL
111% 48.37 9.81 264* | 55.66 8.11

{
< aUnited States Military Academy; DPUnited States Air Force Academy; !
;. CUnited States Naval Academy }
%ﬁ *Variations from total sample sizes accounted for by missing data. ;
'gf Source: Data for U.S. Military Academy cadets from Durning (1978; p. l
fg 578). Data for CMCs and Canadian civilian colleges frcm Prociuk |
78 (1980, p.34). Data for CF personnel from CFPARU, RIS (WINCE) ;
%4 File (September, 1980). !
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APPENDIX 2

TABLE OF t-STATISTICS
FOR COMPARISON OF AWS SCORES

| |
COMPARISON GROUPS | af | £-STATISTIC
| i
| |
CF servicemen vs. RMC | 489 | - 531 n.s.
CMR | 405 | «027 n.s.
RRMC | 297 I - .08 NeSe
| |
i |
CF servicemen vs. USMA males | 1386 | 6.09  wuw
females ] 224 ] - 6,53 waw
USAFA males | 476 | .y wae
females | 151 | - 3.18 %%
USNA males | 934 | T 4y nes
females ] 171 ] - 3.65 wan
| |
| |
CF servicemen vs. Queen's males | 241 | - 2,34 n.s.
females | 303 ! =13,39 s
Manitoba males | 197 | .38 n.s.
females | 240 | - 9,11  ®as
CEGEP males | 200 | - .66 n.s.
females I 221 | - 9,87 wwe
CF servicemen vs. CF cervicewomen | 369 ] - T.43  #as
CF servicewomen vs. RMC | 642 | g. 40  Rxn
CMR | 568 | 10.25 LhA
RRMC | 450 i 6.09  wee
| |
| |
CF servicewomen vs. USMA females | 377 | - 1.814 n.s.
males | 1539 ] 19.88  axx
USAFA females | 304 | 1.29 n.s.
males | 629 | 14,54 LA
USNA females | 324 | 1.005 ne.s.
males ] 1087 | 22,92  wea
i |
i i
CF servicewomen vs. Queen's femalesi] 456 | -~ 4,51  wan
males | 394 | 2,93  wae
Manitoba females| 393 | - 5,06 REe
males | 350 | 7,214 wu
CEGEP females | 374 i - 5.82l #x#
males ! 362 | 5.85  aa
|

e et W G G —— —— ——— ——— —— — — — —— o — — — pu—
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|
!
|
|
|
I
|
|
!
|
I
|
|
|
|
!
|
l
|
!
|
I
|
l
|
I
|
|
|
|
|
|
!
!
I
|
|
!
!
|
|
I
|
|
I
I
#

%p { .01; **%p £ ,001; n.s. = not significant
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BURKE, William P., Army Research Institute, Fort Benning, Georgia.

EFFECTS OF RESPIRATION CONTROL ON STRESS AND PERFORMANCE OF
JUMPMASTERS (Wed P.M.)

The Jumpmaster Course at Fort Benning, Georgia, trains airborne
personnel to conduct airdrops of men and equipment and features
relatively stressful trainiug jumps during which instructors grade
the performance of students acting as jumpmasters for actual
airdrops.

N e

One class of Jumpmaster students was divided into pairs matched
by rank and the members of each pair were randomly distributed into
either an experimental or a control group. The experimental group
was taught a method of respiration control to be used imrediately
before and during training jumps. The groups were then compared on
heart rate, perceived stress, and grades received for performance as
jumpmasters during training jumps.

The results showed that the experimental groups had
significantly lower heart rates during the two night iumps of the
course - jumps which, because of limited visibility, are somewhat
more dangerous and therefore more stressful than daylight jumps.
There were no other statistically significant differences betwecen
the groups.
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EFFECTS OF RESPIRATION CONTROL ON STRESS
AND PERFORMANCE OF JUMPMASTERS

i e ———— L

William P. Burke

US Army Research Institute Field Unit
P.0. Box 2086, Fort Benning, Georgia, USA 31905

INTRODUCTION

Several laboratory studies have indicated that regulating the r-te of
breathing can serve to reduce physiological and psychological arcusal in stress-
ful situations., Brief training to reduce the breathing rate below normal in
a stressful situation (the threat of receiving "painful" electric shocks),
where the natural tendency of the body is to hyperventilate, has been showu by
McCaul and his colleagues (1979) to reduce arousal, as measured by skin resis-
tance and finger pulse volime (but not hzart rate), as well as self reports :
of anxiety. Other studies varying both the rate and the depth of respiration
have demonstrated that large decreases in lieart rate can be produced by deep,
slow breathing (Laird and Fenz, 1971; Westcott and Huttenlocher, 1961).

Respiration control has also figured prominently in a stress-management
training program for novice skydivers. For several years, Walter Fenz of the
University of Waterloo, in Canada, has been studying sports parachutists and
has found that individuals who are rated as good performers at free-fall para-
chuting show a different pattern of heart rate response to the various
activities preparatory to a parachute free-fall than do those rated as poor
performers (¥enz, 1973; Fenz & Jones, 1972, 1974)., He and his associates have
found that, while poor performers show a relatively rapid increase of rate of
heart beat from the time at which they first arrive at the airport on jump day,
s through boarding the aircraft, to reaching final altitude for the jump run, the
: heart rate of good performers peaks when boarding the aircraft and declines,

thereafter, during engine warmup and the climb to final altitude. By the time
of the jump run over the drop zone their heart rates have declined to the levels
at which they stood when the individuals arrived at the airport that morning.

T L]

With reference to stress-management training, Dr., Fenz's most important

project is one receutly completed in collaboration with G, Brian Jones (see
, Fenz, 1975) in which they developed a p.ogram of mental and physical techniques
{ (including deep, slow breathing) aimed at the control of involuntary stress
reactions. In this research, they monitorei the heart rate of individuals in
two groups of novice parachutists, one group of which received the stress-
management traiiing and one of which did not, during their first jumps and
during their first free-fells. The two groups showed heart rates which were
significantly diffevent after boarding the aircraft for both jumps. The most
important aspect of these differences is that the heart rate response of the
untrained jumpers resembled that of the poor performers in Fenz and Jones'
earlier stuaies, while the heart race of the trained group resembled that of
the good performers in the prior studies. The training procedures had appar-
ently prepared novice jumpers to app:oach the most critical of their early
jumps in similar physical, and, presumably, mental states, to those of jumpers
of far greater experience and ability.

-
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These stvdies, from both the laboratory and che field, indicate that
coutrol of the rate and depth of respiration ~an lead to the control of both
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psychological and physiolegical indicators of stress. Furthermore, the Fenz
research suggests that heart rate, which has been shown in the laboratory to
be influenced by patterns of breathing, may be related to quality of perfor-
mance in stressful situations.

To test the effects of respiration control as a stress-management tech-
nique for uze by the U.S, Army, an eval.ation ocxperiment was done with students
going through the Jumpmaster Course at Port Benning, Georgia. The Jumpmaster
Course provides some of the most favorable conditions in whnich to t=2st the
effectiveness of stress-management techniques. Performauce in this course is
graded by instructors in an aircraft in flight with the students under extreme
time pressure to complete a series of cxitical actions and inspections which
prepare other men, equipment, and themselves for an airdrop. Only a brief
asscciation with jumpmaster students prior to their boarding the aircraft to
makz those graded training jumps 1s necessary to convince the observer that
performance in the Jumpmaster Course is a stressful experience for most men.
The stress appears to be the result o. a combination of both harm anxiety and
failure anxiety (Basowitz et al, 1955). Althcugh most of the men in this
corrse are experienced parachutists they have had li*tle experience at working
around the open door of an aircraft in flight and an initial aprrehensica about
that experience must be overccme. Failure anxiety appears to be the prime
stressor in the course, however. since these men, .n the main, are highly
motivated to do vell in whatever training they attempt, and critical, irre-
trievable errors, causing their failure from the course, can be committed in
seconds. The in-flight grading procedures used in this covrse are extensive
and highly detailel and can serve as suitable performance measures against
which to test the effircacy of any stress-management techniques.

METHOD
Procedure

The men used in this study were the stulents of one class of the Jump-~
master Training Course at Fort Benning, CGeorgia, and they ranged in ranx
from Captain *to Private First Class The initial selection of individuals to
be included in the experimental and ccntrol groups for the experiment proceeded
as follows:

On inprocessing day, the first day cf the course, the class was arranged
by the jumpmaster cadre in descending order, by rank, with Caprains listed
first, followed by Lieutenents, senior NCOs, and so on, down to the lone PFC
in the class. The students were then broken down into 2-man tecms startirg at
ti. head of rche list mo-.ing down and these teams, usually composed of mea of
equal rank, worked together throughout thne course practicing and performing
their skills. It was decided that subjects for this experiment should be
matched by rank thereby to control to some extent for differences in airborne
and service-related expe-ierces. Accordingly, one man from each of the above
mentioned 2-man teams was selected for inclusion in the experimental group
whkich was to be taught the respiration control technique. Salection withirn
teams was made bv the flip of the coin, thereby providing rauadom selection
withia matched pairs.

The Jumpmaster Course Curriculum. The course is conductad over two full
weeks ot treining, The first week is primarily one of classroom training and
hands-on practice at rigging ard inspecting varlous parachute harness arrange-
ments. The second week begins with a day of a written general knowledge exam
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and two hands-on harness inspection =xams and consists from the second day on
of flights and jumps over the drop zone.

There are five training jumps in the second weck. First, there are both a
day and a night orientation jump during whica the students are taught to recog-
nize, under bsth daylight and night-time conditions, the checkpoints on the
ground indicating time and distance away from the drop zone. Every student
makes a parachute jump at the conclustion of each of those orientztion flights
which will be designated hereafter as the Day and the Night Orientaticn Jumps.

During the next flight, one member of each pair of students is graded
while performi-g 28 a jumpmaster and, after golng through a series of commands,
inspecticns, and Jecisions about posjition of the aircraft relative to the drop
zone, he puts out the door a heavy bundle of equipment (weighing approximately
200 lbs) as well as his partner who is used to represent a line or "stick" of
jumpers, When both dnor bundle and jumper are gone, the jumpmaster himself

follows., This is the Duor Bundle Jumpmaster routine for what will be referred
to, here, as the Day Graded Jump.

Later that day, after night falls, the class flies again and this time
every man in the class wears combat equipment and is graded while performing as
a jumpmaster., For this routine there are no actual jumpers other than the
jumpnaster himself even though the student goes through his routine as though
he were giving jump commands to other individuals, This is the Combat Equip-
ment Jumpmaster routine for what will be called the Night Graded Jump.

The final flight takes place the following day (wealher permitting) when
the remairing member of each team, the one who served mereiy as a jumper on the
Day Gradec Jump of the preceding day, is graded while acting as the jumpmaster

and he, then, puts out a door bundle, his partner who is now serving as a
jumper, and himself,

Grading System for Performance in the Aircraft. Each student, as he go~s
through his routine serving in his turn as jumpmaster, is closely attended by
two members of the jumpmaster cadre one of whom grades his performance and the
other records the result, Each student is given a cushion of 30 points out of
which he may be penalized for errors in his performance and still pass the
course, If, on any jump, he loses more than 30 points, he fails and leaves
the course immediately thereafter. Each of the important actions of the jump-
master routine is assigned a specific number of points which are lost if the
individual either forgets to perform them or performs them improperly. Points
lost rangz from a single point assessed for a weak or late performance of non-
critical actions, such as being one second late in getting the jumper awzy, to
a maximum cf minus 35 points for failure to perform actions of extreme lmpor-

tance such as hcoking up the static line (shich automatically deploys the main
parachute) -~ a life-threatening error,

Training Session., All students initially chosen for the experime..tal
group were taught the following breathing sequence:

Sharp intake of deep breath; press diaphragm down gently; hold for
8 se:onds: release over 4 seconds; hold without breathing 4 seconds;
take one regular breath; repeat from the beginning.,

It was related to the group that this method (slightly modified by inser-
tion of instruction about pressing down with the diaphragm) was used by Fenz in
training his novice siydivers (Fenz, Notz 1) and was alsv used by him (and a
similar technique by others) in laboratory expeciments in which heart rate was
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lowered by as much as 30 beats per minute (Laird & Fenz, 1971; Westcott &
Huttenlacher, 1961).

To underscore the potential of this wmethod, they were also informed that
breathing techniques closely resembling this one (including the instructions
about the diaphragm) are used in varjous practices of Zen Buddhism including
the Zen art of archery (Herrigel, 1953), a form of archery practiced for
centuries by the Japanese and widely known to produce archers who perform
prodigious feats with a bow and arrow.

The students were asked to practise the technique often prior to the
beginning of the training flights during the following week and to try to
develop an ability to breathe in that manner without conscious thought, admit-
ti.dly a difficult goal to achieve,

They were instructed to actually use the technique whenever they were
begirning to feel themselves becoming '"too tight" for their best performance
while they were waiting to go through their jumpmaster routines or tc make
a jump., Since, as wentioned earlier, only two students could be graded at any
one time, the remaining students would have long periods of flight time to
bridge while awsciting their turn. It was during thece periods and a similar
period waiting to board the aircraft prior to a flight that the students were
advised to use the techniques, In addition, since it was doubtful that most
students would practice the technique enough to be able to do it in the
recommended manner without conscious thought, they were told not to deliber-
ately try to breathe in that fashivn while being graded on their routines. It
was feared that this would have a disruptive effect on their performance and
unfalrly penuiize them relative to the mewbers of the control group. These
instructions consequently insured that auny effects of the experimental tech-
nique would be residual ones from having used it priocr to their actual perfor-
mance,

Data Collection v v

Two types of data were collected for this experiment: measures of perfor-
mauce and measures of stress, The performance measures were the scores from
the graded juwmpmaster routines. The stress measures were heart ratz measure~
ments made immediately prior to the jumpmasterv performances and end-of-course
ratings by each individual of the stress he perceived himself to be under
during certain key events of the course such as when going through the Door
Bundle Jumpmaster routine.

Performance Measures, The performance measures came from the grades,
described earlier, given to each individual for his performance as a Door
Bundle Jumpmaster and a Combat Equipment Jumpmaster.

Heart Rate Measure. The physiological measurement of stress for this
study was heart rate ver 15 second period taken from the pulse in the carotid
artery under the jaw at the side of the neck. The heart rate measure, while
certainly not the only or necessarily the most valid indicator of the stress-
ful condition, was chosen btecause it was the prime indicator in the skydiving
studies (Fenz, 1975) and was, in that program of research, shown to be a latle
measure of stress and one that tracked changes in respiration, both up and
down, and led the more refractory measure of basal conductance from point te

point.
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The method of measuring the heart rate by taxing the pulse by hand with
a stopwatch from the carotid artery was chosen because it was a quick and
reasonably accurate method of taking measurements on large numbers of indi-
viduals without disrupting their activities or disturbing their equipment, a
sensitive point during airborne operations.

The heart rate readings were taken by the experimenter on each Individual
at that point in each flight into the drop zone at which the men to perfurm
on that pass had risen to hook up their static lines and moved back toward the
open jump doors to begin their graded routine. Since the first pass over the
drop zone for all training flights was always to put out jumpers who were not
in the class, the cue to take the neart rate measure in the first two and all
succeeding pairs of students was that, when the jumpers of that pass stood up
to hook up, the next two students in line, those who were then the ones seated
nearest the open doors, would be measursd., The measurement was thus taken
while the students being measured were still seated and were watching the per-
formance of the pair that had preceded them,

No difficulties were encountered in finding and measuring the pulses of
most students in the aircraft., Some could not be located at the carotid
artery and were thus measured at the wrist. For one individual, on one single
flight, the pulse could not be located for measurement,

In order to transform these raw heart rate measures into a scale of urits
by which individuals could be compared, one to another, the final form of the
heart rate data was to be change-in-heart rate expressed as percent-of-change
from baseline measure. Baseline heart rate for each individual was established
by taking the average of two readings made early in the first week of the
course under nonstressful conditions. The first reading was taken on the
morning of inprocessing dav, the first day of the course. In order to produce
a more stable measure to serve as a basz2line for comparisons, a second reading
was taken two days later during a break between classrcom sessions. This
second reading was then averaged with the first. The two baseline measures
were highly correlated (r = .79, p = .00.). Subsequent heart rate readings,
taken under .«nditions of stress in the second week of the course, were then
transformed into measures of percent-of-change from this baseline, thus
establishing a comparabie zero point for all individuals in the study.

Perceived Stress Measure. At the end of tks course, in the morning of
graduation day, the surviving class members (some had failed during the graded
jumps and had departed) were given a questionnaire 2sking them to rate, on the
scale below, the amount of stress which they felt themselves to be under during
events such as the two orientation and the two graded jumps:

Not Successful Borderline  Slightly Moderately Considerably Extremely
At All Stressful Stressful Stressful Stressful
1 2 3 4 5 6

Those individuals who failed during the graded flights and left the course
immediately upon returning fron. the drop zone were given stress questionnaires
by the cadre to be filled out before they left or done at home and returned by
mail,
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Selection of the Final Groups. The initial assignments of students to
the experimental group yielded a group of individuals who were at least
passive volunteers for the experiment, who attended the training session, and
knew what to do and when to do it. A question of vital importance, however,
for the interpretation of the results of the experiment was did they actually
utilize the technique when they came under stress and, if so, to what extent?
To insure that for the final data analysis the experimental group contained
only those individuals who actually used the technique, questiounnaires were
distributed after the end of the course asking thc experimental group members
to rate the axtent to which they used the deep breathing technique during the
second week of training. The following 4-point scuale was used:

Never A little Some A lot
1 2 3 4

In addition, the questionnaire also provided space for free comments about the
experiment, From a joint examinatirn of both the extent-of-usage questionnaire
and the free comments, augmented by discussion with individuals in the experi-
mental group, it was apparent that the selection of the response "A little" on

the above question was a polite way to say that the technique really wasn't
used at all,

For those reasons selection of the responses '"Never" and "A little" were
taken as disqualifiers for inclusion in the experimental group and only those
individuals claiming to have used the technique "Some" (six respondents) and
"A lot" (two respondents) were included in the final experimental group. One
individual from the initial experimental gioup whc failed the course and didn't
fill out the post-course usaye questionrnaire was ratained in che final experi-
mental group. In a similar manner, the final conirel group was constituted
according tc how they responded to 2 questionnaire which asked them what
techniques, if any, they may have used to "psych themselves up' or calm them-
selves down prior to performing as jumpers or jumpmasters. Three of the
control group students, including one who wrote as though his personal tech-
rique would be hard to believe, reported that they used slow breathing to heic

them during the stressful parts of the course and they were dropped from the
control group as a consequence.

‘the final matching of the reduced list of experimental subjects with that
of the contrnls was accomplishcd by starting with the PFC at the bottom of the
list and, proceeding upward, retaining all the cvriginal pairs matched by rank
which had survived all deletions and by creating new pairs where an experimental
student had lost his old pair by his having either failed the course pricr to
the aircraft performance phase or been disqualified for having used slow
breathing on his own. New pairs were made by matching unpaired experimentals
with unpaired coatrols higher up the list, therefore, with a man of equal or,
quite often, slightly higher rank, Individuals who failed during the aircraft
phase for which the stress-management technique was intended were retained in
tne experiment and their data were analyzed along with the rest.

After deletion of individuals from the experiment due to classroom fail-
ures, jump injuries, and questioanaire responses, the final list contained nine
pairs of individuals with two eligible control group individuals unpaired and
unused,
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RESULTS

The data from the three criterion variables for the compariscis between
the experimental and the control groups are summarized in Table 1.

Heart Rate Differences

From the top section of Table 1, it can be seen that heart rates,
expressed as percent change from basetine, were, at the time of measurement,
lower on average, for the experimental students than for their matched controls
for every training jump in the course.

Uncertainty about the actual level of measurement represented by scores
on this and the remaining criterion variables, led to the choice of nonpara-
metric statistic, the Wilcoxon matched-pairs signed-ranks test for the analysis
of all the data in Table 1 and all analyses were done using the SPSS computer
program for that technique (Nie and Hull, 1977)., Wilcoxon tests on the heart
rate data from each jump established that the experimental group had heart
rates significantly lower (z =~ -1,78 and - 1.96, p = .04 and .03, 1l-tailed test,
respectively) than their matched controls for both of the two night jumps but
the differences between the groups on the day jumps were not significant.

The diffarences in the number of individuals in the groups over the jumps
reflects, for the Day Orientation Jump, the inability to find a pulse on one
of the experimental students while, for the Day Graded Jump, the differences
result from the fact that two of the experimental students failed the course on
the Night Graded Jump in what umas, for them, their first and only performance
as a jumpmaster. Thus, they were never tested as Door Bundle Jumpmasters
during the day flight.

Perceived Stress Differences

Though the experimental group as a whole rated itself as being under
sligntly less stress than did the control group during each jump the differ-
ences were not significant.

The number of individuals listed for these comparisons is eight because
one of the experimental students failed the course on a night flight., He
departed the post without filling out the perceived stress questionnaire and
failed to return a questionnaire sent to him by mail.

Performance Differences

Only the last two jumps listed in the table were graded and for neither
jump was there a significant difference between the two groups in performance.
For the Day Graded Jump, the experimental group, now reduced by twoe individuals
who failed earlier, averaged considerably fewer points lost than the control
group., Although nonsignificant, (z = -1.26, p = .10, l-tailed test) this com~
parison suffered from the low number of individuals involved and the difference
obtained is suggestive of a treatment effect,

On the Night Graded Jump, two experimental group members did poorly
enough to fail and the higher average for points lost of the group reflects
those failur=s.
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DISCUSSION

The clearest outcome of this research is that an evaluation experiment of
this type conducted in an operational environment is a difficult undertaking.
Respiration control was presumably effective in reducing the heart rates of the
experimental students relative to the controls on two training jumps, both con-
ducted at night, when, due to liwited visibility, parachute jumps are somewhat
more dangerous and therefore more stressful., The technifque was not, appar-
ently, a great aid to performance in this setting. Only three students
performed so badly during the graded jumps that they failed the ccurse as a
result -- two of them were members of the final experimental group and one had
been included in the initial experimental group but was dropped from the final
group due to having reported that he used the technique only "a little."

Considering the data from this experiment, overall, it is noteworthy that, ;
for every comparison between the experimental group and their matched controls
save one -- points lost during the Night Graded Jump -- the experimental group,
on average, did better than the controls. While there is no statistic appro-
priate for aec:3ging the statistical significance of this outcome, these
results do seem to indicate a possibility that respiraticn control did have
some generally helpful effect.

The only judgment which can be given at this time on the effects of
respiration control as a stress-management technique is that it apparently
worked at times in this experiment to control heart rate and that, although it
wasn't established by the evidence here, it is still possible that it was of
marginal value in performance. It was, perhaps, the nature of the men who
participated in this experiment that worked to obscure whatever power the tech-
nique may possess to enhance performance. The Jumpmaster Course was chosen for
this research because of the relatively exact performance measures which it
provides and because the students who go through the course are, in the main,
dedicated individuals who could be depended upor to give the technique a good ‘
test, However, they are also, on average, relatively experienced with aund {
competent at training of a demanding nature similar to the activities in this
course., A technique which might have been of considerable benefit to indi-
viduals less adept at performance under such conditions would have a smaller
effect for these msn and, thus, for that effect to show through all the
uncontrolled variability in the scores, would require sample size much larger
than the one possible here.

S

¥
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In sum, considering all the factors involved, respiration control appeared
to be a limited success at controlling one aspect of stress under the condi-
tions cf this experiment., As such, it requires further study to establish its
usefulness to the military.
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FEASIBILITY OF LOW-COST SIMULATION FOR SHORT RANGE AIR DEFENSE

Richard J. Carter
US Army Research Institute for the Behavioral and Social Sciences

Edward W. Frederickson
Applied Science Associates, Inc.

Background

Studies are currently being undertaken to establish air defense
command and control system requirements essential to the accomplishment
of the air defense missicn and to evaluate equipment performance and
doctrinal concepts. An important, critical part of the above system re-
quirements is information concerning short-range (SHORAD) and man-
portable (MANPAD) air defense weapon system personne. detection and
recognition capabilities. This information is however difficult to
obtain because of the high cost of live aircraft support and of the
nonavailability of foreign aircraft.

During the interval 1964 through 1976, the Army supported au exten-
sive program of research aimed at developing a data bank concerning the
capabilities of operators of forward area air defense weapons to detect,
identify, and estimate the distance of low-flying aircraft. However,
these studies had to be conducted in a part-task evaluation environment.
That is, each of these critical tasks was studied in isolation from the
other components of the total operational sequence. Part-task research
only was conducted because the sponsoring agencies had a need for data
indicat ing maximum and average target detectiun and identification
ranges. As a result, there is a lack of information concerning an oper-
ator's abilities in performing part-task components when they are em-
bedded in whole-task performance requirements.

Feasibility Study

A paper-and-pencil study is on-going at Fort Bliss to determine the
feasibility of using a low cost simulation facility for assessing the
performance capabilities of operators of man-ascendant forward area Air
Defense weapon systems. A man-ascendant system is one that relies on
human input to the coatrol, operation and decision making functions of
a system. wese inputs are based upon perceptual, psychomotor and cog-
nitive processes in man's functioning as a systems operator. The
processes ocrur simultaneously, thus resulting in a complex man-machine
operation. It is the measurement of the behavioral results of the inter-
action of these processes with the system's environment that is of in-
terest in answering the simulation feasibility question.

The weapon systems of concern are the man-portable REDEYE anc its
successor, the STINGER, missile systems, and the short range Vulcan gun
system and Chaparral missile system and their follow-on systems, the
DIVAD gun system and ROLAND missile syster. 1In all cases, the human
operator must visually search for and detect aerial targets that pose a
hostile threat to defended sites. They must identify the target as
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hostile and then decide whether they can engage selected targets. Some
systems require that the operator, without aid, track the target while
rathering information and then throughout the engagement. The degree to
which the human operator cannot perform the entire engagement sequence
from searching to weapon firing defines the degree of system degradation
in its capability of complet‘ng its mission.

SIMFAC Simuiation Purpose

The driving aspect for developing the simulation is the purpose
which it will accomplish. In SIMFAC, the primary purposc is:

To determine the feasibility of building a simulation facility
which could be used to develop data bases of forward area

Air Defense weapons system operator performances that wouid
not be significantly different from performance data obtained
undetr real world conditions.

The question of how well the range c¢f human operators can perform

the entiic sequence of procedures has not beeu empirically determined.
Most studies of forward area weapon operator perfurmance have been part
ask studies. Behavioral science research has shown time and time again
that there is z distribution of performance levels for specific behaviors,
and that each individual performer does not usually perform at the sane
level on djfferent but related behaviors. In fact, in some cases, in
individual may perform one behavior very well, but may do very poorly on
anotheir. The implications here are that the assumption of population mean
behavior on each subtask may lead to incorrect conclusions about svstem
capabilitics and effectiveness. Therefore, the intended use of the scimu-
lation facility is to focus on whole tack measurement rather than on a
part task level but yet have the capability of gachering data ou part task
performance on a non-interfering basis.

The ideal situarion for determining performance capability would be
to use the real world environment that would be expected to exist in com-
bat. This would be very costlv, tie up tremendous amounts of resourgces
and logistically be very difficult to manage. The decision then was to
determine if it would be cost-effectively feasible to use some r.presenta-
tion of the real world and still obtain performance data that would match
cr come close tc that which would be obtained in the ideal situation. The
major issues then became those of determining what aspects of the real
world need to be represented to produce valid estimates of operator per-
formance and how this should be done. The two questions are interrelated
in that with some forms of renresentation of the real world some analvti-
cal data would not be needed but with other forms much more detailed in-
formation would be required.

An analysis of the SIMFAC purpose led to additional requirements that
the simulation model must meet, further constraining the simplification

~
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] analysis. First, the operator vwhose performance is to be assessed must be
allowed to complete the entire engagement sequence without interruption by
the measurement process. It is required that performance be measured at
least at the task level, and preferably hav: a capability of measurement

f at the skill level of job desecription. Pecformance is to be measurcd over
: a range of exogeneous parameters and variable levels. It is desirable
that. performance be measured under conditions where the interactions; be~-

! tveen variables change during the engagement. And, finally, it would be

i desirable to be able to use the same facility with all current and future
MANPAD/SHORAD weapon systems. The data bases to be generated by use of
the facility will produce staiements descriptive of the performance rela-
tionships of individual tasks with each other, and also between individual
tasks and the outcome of the entire engagement sequences.

The SIMFAC purpose would imply that isomorphism would be required in
the measurement environment--preservation of the velationships between ele-
ments which must be represented in a one-to-one correspondence from the
real werld. The accepted approach, however, usually is to use homorphism,
a "like form" representation of elements. Sach real world representztion
is commonly referred to as the process of simulation. Simulation, however,
is both narrowly and broadly defiaed. Redgrave {1962) provides a useful
definition by emphasizing transformation for the convenience of meeting
special purposes. Simulation, he says, isr a representation or technique
which transforms, either iconically or Ly abstraction, selected aspects of
the real world out of their resident framework into a form more convenient
for the analyst's purpose.

The broad definition of simulation explicit in Redgrave's definition
will be used in this paper. Implicit in most definitions of simulation is
the concept of modeling the real world. A model is the basic representa-
tion of a real situation or environment. A model consists of a descrip-
tion of the important elements of that which is modeled and their func~-
tional relationships. The descriptive model then is transformed into a
simulation model to meet specific functional needs—-either prediction or
comparison. Initiaily, the SIMFAC project is interested in the prediction
of operator performance over a variety of conditions typical of the Air
Defense mission., This would embody the establishment of standards of ex-
pected operator performance. At a later time, there may alsc be an inter-
est in comparing performance of individuals or groups under various sets
of conditions. The use of the simulation facility would provide for =
logical way to foracast the outcomes of alternative operational proced-
ures. Given sufficient empirical data, future computer simulations of
the descriptive model could be run that would provide for a systematic, '
explicit and efficient way for decision makers and planners to determine 7
deployment and engagement doctrine. '

When planned for or at least anticipated, simulation could be usad for
possible controlled experimentation in situations where real world experi
mentation would be impractical or prohibitive. 1In those instances where
the impact of situational complexity on operator performance is of
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experimental interest it is critical that the descriptive model be complete
in every detail. Complexitv derives from the interactions among system
elements and the physical aspects they must deal with. Changing one aspect
of a system or physical environment way weil produce unpredicted changes
or cveate a nead for changes in other parts of the system. So the approach
to simulation must weet all requirements for accomplishing its pucpouses.

Model Characteristics

In the development of simulation facilities, Shannon (1975) stresses
that several wodeling questions must first be addressed. The dimensions
of the model must first be selected to the degree possible. At least the
first three of the following four character stics must be determined be-
fore a model can be built:

L. Static vs dynamic

2. Deter inistic vs stochastic
3. Discrete vs continuous

4., TIconic vs analog or symbolic

Since the focus of the SIMFAC project is on whole task performance,
we could not meet the measurement objectives by reducing the engagement se-
quence to static cross section segments. So the mcdel must be dynamic.
The MANPAD/SHORAD ope.ators ewploy real-time control skills where error
correction is essential in order to cope with deviations and unexpected,
rapid changes i1 a target's behavior. Therefore, changing (dynamic) condi-
tions in the envi.onment are critical in accurate measurement or perform-
ance. To uvce other than a dynawic simulation would be an unjustified
simplification leading to erroneous extrapolations of performance. A
second dynamic requirement is that whole task performance studies have
not used objective measures to a sufficient degree, and whole task perforu-
ance may not be inferred from part task measures.

The specific impact on performance of many variahles is not known,
and many of the interactions between input variables and rerformance may
not be linear. Therefore, we cunnot use, at least initially, a determin-
istic model. The model must be stochastic. The purpose for the human in
most systems is his versatility and capability to handle previously un-
encountered events. Man does this through his cognitive system, reaching
decisions for action not possible in unprogramed control devices (includ-
ing computers). The cognitive decision making processes zre difficult to
model, so for most situations, it is not tried. The human operator will
interact with the simulated presentation of information from his unique
combination of individual differences and may react in an unexpected and
not a deterministic way. For the results of decision making to be validly
assessed, the dimensions of the information sources must be representable
and controllable, and motion is onec of the important sources of informa-
tion, which dictates a dynamic, stochastic model.
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Ine model also must be coutinaous because the separate engagement
stages are not independent, discrete event;. In many situations, the be-
havioral requiremz2nts for one stage ma- have becen met durirg a previous
stage. Most behaviors required for cariying out the weapon system missicn
are directly correlated tu th2 changing position, aspect, size, augle,
speed and maneuvers of tihe target. The mocel must therefore provide for
tue continuous changes in the target/system relationship.

Vs 43, e

The fourth aspect of models that must be determined actually is em-
bodied in the SIMFAC project. The feasibility issue can only be answered
by evaluating the cost and capability of the various kinds of simulaticn
vehicles for representing the MANPAD/SHORAD environments.

oy

Tvpes of Simulation

Shannon (1975) represents the range of simulation types in the follow-
: ing manner:

: Real World Artificial World Abstract World
| Physical Graphs Computer i
: Scaled Charts Marh Model '

! Management Games

---Iconic--~ --~Analog-~-- ---Symbolic~~-

In many instances, a combination of kinds of simulation are used. Aircraft

. cockpit simulators zre mixed iconic and symbolic models. Some management
game simulation is incorporated by artificially fixing some input param-
eters.

4 major difference in 3-dimensional iconic vs analog and symbolic
models is the flexibility of changing the element characteristics and
their intevactions. Such iconic models are essentially Gestalt in nature,
the whoie situation is more than the suir: of its parts. Whereas the analog
and symbolic models arz only the sum of their parts. That is, only those
elements and interactions that are explicitly identified and defined in
the model will occur in the simulation. This, of course, makes the analog
and symbolic simulations more controllable, but less realistic. Much of
the model contyrol occurring in analog and symbolic simulation can be ef-
fectei in iconic simulation by using statistical controls--analyses of var-
iance or co-variance.

Simulation Model Components

As the selection of a model/simulatior type moves from the real world
end of the simulation dimension to the symbolic end, s¢imulation becomes
wmore imprecis~ and Sharnon indicates ~hat this imprecision cannot be meas-
ured. The more precise the model, the more sensitivity it has to the
changing of parame:er values. The sensitivity of the model is accurate to
the degree that interacting elements have been identified and included in
the model.
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Shannon (1975) has provided a general simulation equation that re-

X { firects the bastc problem in modeling.
= (XY,
.’ E ( l,YJ)
" Where:
_;' E = the effect of the system's performance
3 X. = variabtles and parameters that can be controlled
'g Y = variatles and parameters that cannot be con-
2 J trolled
-5 f = the relationship between all variables and
r?. parameters, controllable and non-controllable.

e

A8

This equation leads to the identification of the major ingredients of
a model. {umponents are system «lements and subsystems that perform a
specified {unction. Variables are those factors whose values vary with
function changes. Variables fall into ftwo categorics; independent and exo-
geneous, which are input variables and dependent and endogenous which are
system status and output variables. Parameters are those tactors whose
values remain constant whether functional changes occur or not. Functional
relationships describe how elements, subsystem variables and parameters
interact as the system carries out its mission. The relationships for the
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?; . SIMFAC meodel will be stochastic rather than deterministic because of the
;;ﬁ uncertainty of the cutput foxr given inputs. 1In many Air Defense situa-
i“ tions, the inputs may even be uncertain, fcr example the number and type
%1 of targets that may have to be deal with. (Constraints are factors that

fﬁ place limits on how the system can allocate or expend resources. Con-

73‘ straiuts mav specify the value level at which parameters must be set. 1In
j?ﬂ Air Defense¢ sysrems, the designated DEFCON status is a parametric con-

o straint, as is the nuat2r of ba“teries a REDEYE cperator carries. Criter-~
s ion functions are the end result of system functioning. These are the de-
i; sired outcomes when the mission has been completed. Submission or task

{% outcomes may also be included here, such as the target identification de~
4{& cision.

iCo.
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Representing tue Real Worid

In the SIMFAC project the measurement of the outccmes oi the percep-
tual, psychomotor and cognitive processes are of primary interest. There-
fore, the operator and his behaviors are not a subject for siwmulation. It
is the pnysical elements of the system and its operatiag ervironment that
are to be considered for simulation. In modeling a physical svstem, there
are several factors that must be considzred in order to maintain the essen-
tial psychological elemcnts. First are the fundamental laws that operate in
the real world and account for certain impacts and interactions which in-
fitence criterion functions. These laws must he accounted fcr in 2 simula-
tion if they operate in the real world. Second, all procedural e}ements
must be described and revresented as weil as the systematic variables that
impact these elements. All policy (doctrines, tactics, and SOPs) inputs

e et et e et ¢ o

must be considered. Random components that have significant influence cn

¥ funct.ions must be identiiied and incinded. And, finallyv, the human decision
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making requirements have tc be specified so that iaformation sources re-
quired for the decision can be represented.

Since the SIMFAC simulation is to be a scaling and/or sn abstraction
of a physical system, the sets of factnrs mentioned above at a gross level
must be dzalt with systematically so as to maintain the psychological valid-
jty. The specific purpose for the simulation provides an initial organizing
structure for addressing the analytical questicns of which specific factors
in the various sets of factors are significant and thus must be represented
in the simulation., The succeis of estavlishing a successful simulation
then is a function of how well the significant system elements are identi-~
fied and deflined.

SIMFAC Model - World View

To this point the simulation model has been characterized in tevms of
general requirements. It must be basically a dynamic, continuous and sto-
chastic model. The purpose to which the simulation facility under study
will be put hes teen discussed in terms of the requirements it places on
the feasibility decision. The next section will deal directly with the
process of building a model of the SHORAD/MANPAD system environment. First,
the systems and their environment will be described in terms of general
systems theory. Then a "world view" taken for the analyses will be dis-
cussed. And finally, the elements of the enviroument that must be reore-
sented in any simulation will be presunted with some comparistc.ns of the
capability of the various types (levelc) of simulation to ir crrporate the
required elements.

A general systems model consists of four major elements: the input,
transformation/operation, output and feedback. The use of this model allows
for the systematic identification of all critical elements and relationships
of the Air Defense environment. Input variables are independent and exter-
nal to the man/machine system. They cause the system to take various ac-—
tions in crder to carry out its function., Some input factors set some as-
pects of system status and act as parameters. Five major categories of in-
put factors w:rre identified for the SIMFAC wmodel:

1. System mission

2., Command and control doctvrine

3. Logistical support

4, Physical characteristics and conditions of the environment
5. Target cnaracteristics and dynamics

Logistizs, mission, and command and control categories can be assumed
to be fixed as given parameters. Seldom, if ever, would .actors in these
categories vary during specific engagement sequences. The target and the
environment both have variables which have changing values during the en-
gagement. They both also have characteristics which do not vary. The im-
portant point here is that those target and environmental variables which
change aud interact nun-linearly, or whose interactions are difficult to
specify must be <dentified in terms of their impact on the criterion func-
tions of the system.
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Since SIMFAC at least inirially, has little interest in evaluating
machine capabilities or operations, the analysis of the man/machine func-
tions needed to focus only on the operator tasks. The "world view" taken
for building the simulation model was established here. 1In the initial
listing of the operator tasks, it became obvious that all system events
were keyed to perceptual information and the dominant perceptual system was
vision. The auditory system does become involved at two points. First,
early warning information may be provided over the communication net or
if a helicopter target is in the area it may be heard before it can te
seen. Second, the REDEYE and Chaparral system use an auditory signal to
indicate IR source lock on by the IR sensor. These are important signals
for keying operator events but not as significant as the visual informa-
tion that must be sensed without sensory aids.

The output factors are embodied in the mission requirements of de-
terring, delaying, altering the mission of or destroying a hostile aircraft.
These criterion functions are the end result of the engagement process and
must be assessed for input information to the decision for subsequent action.

The analysis of the SHORAD/MANPAD systems engagement problem and dis-
cussions with other researchers working with performance assessment under
simulation conditions led to the adoption of a visually-keyed event-orien-
tation world-view of the forward Air Defense environment. The rationale
for adopting this view was that the entire engagement sequence followed
in these systems' operations depends upon a continual input and processing
of visual information. O(nce the target has been visually detected, visual
contact must be maintained at least until the weapon is fired. Reliability
of system functioning is tied to detecting and discriminating cues which
consist of viiual detail. Any condition that interacts significantly with
the visual cues so as to degrade cue detection or discrimination must be
present in the simulation environwent in order that performance measure-
ments have generalizability to the real world. This requirement then leads
to the decisions about presentation and control instrumentation.

The focus of the visual orientation of the SHORAD/MANPAD systems op-
erators is the aircraft target, which is the source of cues that trigger
the starting and stopping of the engagement events. Environmental var-
iables, especially atmospharic conditions interact with target character-
istics to degrade or enhance the visual perception of cue information. It
is these interactinns upon which the validity and generalizations of oper-
ator performance measures rests.

The state of the MANPAD/SHORAD systems then must be defined with ref-
erence to the dynamic portrayal of the aircraft targets. Scenarios would
then be driven by the specific characteristics of the target during an en-
gagement. Iconic simulation would present fewer scenario problems than
would analog or symbolic simulations., All of the significant detailed
target characteristics and their changing values would already be present
in scaled model or film strip targets used in three—-dimensional and two-
dimensional iconic simulation. However, the use of analog or symbolic
models would require a rather detailed analysis of the physical dimensions
of the target features and their changes almost on a second-by-second time
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basis to accurately protray the operator's visual perception of the target
cues during the entire engagement. Each potential target scenario would
have to be so analyzed. The subsequent effort to represent the myriad of
cue source changes would be significantly more costly for analog and sym-
bolic simulations than for iconic simulation. In addition, some interac-
tions between atmospheric conditions (water contert, particle content and
shimmer) and cue information probably can not be specified and thus could
not be represented.

Visual System Variables

There are three keys to representing the real world in a simulation
facility: cueing, controlling and task loading. 1In the SIMFAC problem
task loading is primarily a function of cueing. The cueing problem as in-
ferred above is the visual presentaticn problem. Where different operator
responses are required for different cues in the real world, the operator
must be able to discriminate between the various cues in order to make :the
correct response. The sensitivity of “he simulation, then, must be ade-
quate to ensure that the operator can c¢iscriminate among the cues that must
be represented. The task of the simulation designer then is to establish
the minimum level of fidelity of cues that will ensure discrimination (Cream,
1974). In representing the visual system inputs the basic problem to be
dealt with is how to present the smallest object (cue source) that must be
represented. Object size and maximum discrimination range under ideal con-
ditions are limiting factors. These factors create the visual problem of
cue resolution in a wide field of view.

In viewing a target in the atmosphere, any serious limitation of visual
range is due to what Middleton (1952) calls the atmospheric aerosol (the
aerial colloids). This condition is due primarily to liquid droplets, the
most important class of particles in the atmospheric aerosol. Large varia-
tions in the photometric properties of the atmosphere may occur as the con-
tent and density of the aerosol changes. A second significant particle in
the air is dust, with a taird, smoke, increasing in significance with time
especiai%y near_iarge urban areas. The liquid droplets may vary in size
from 10" ° to 10— centimeters in radius. The larger and more varied the
atmospheric particles the more that lightiis scattered.

In a particleless atmosphere, light is scattered by the molecules of
the permanent gases in the proportion to the inverse fourth power of the
wavelength of the light (Middleten, 1952). In an atmosphere of a pure dry
mixture of natural gases, visual range would be more than 350 kilometers. |
As non-permanent particles are added to the atmosphere, the visual range, i
as well as the amount of illumination, is reduced. Four critical factors i
influence the visual system in terms of how far and what we can see:

. The optical properties of the atmosphere.

. The amount and distribution of natural and artificial light.
The characteristics of the target objects.

. The properties of the eye.

&S LN

CAR-1-9

A B N st W AArIART AW WA e W, 6 A Pul A e P -

o—— o - —— . L " =
;. - e




+ T e ~, G
IR b et TRl L e

The interactions of the factors are both linear and non-linear. Shiwm-
mer, a disturbance of the atmosphere near the eartl that occurs as the
surface temperature increases above the atwmosphevic temperature, further
complicates the visual system that must be represented in any visually
oriented simulation. It becomes extremely expensive to create the con-
ditions and produce the amount of information and its distortion in highly
detailed large areas—-the wide field of view problem.

The degradation of atmospheric conditions is defined in terms of the
meteorological range--the range at which objects at known distances can be
seen. As meteorological range is reduced the significant perceptual phe-
nomenon of apparent target-to-background contrast ratio is also changed.
Meteorological range is not necessarily omni-directional, thus possibly
resulting in varying levels of contrast ratio in a wide search area. Ap-
parent contrast ratio is also a function of the inherent target/background
contrast, which usually changes as the target moves across the visual field
because of: (1) the varying background; and (2) the sky/ground luminance
ratio. Contrast is a subtle variable, probably of considerable importance
in target detection. It is also important in recognition tu the degree
that critical target features may be non-~discriminable.

The visual threshold for a given target in terms of distance is a func-
tion of target size, the amount of light (luminance) and the amount of time
the target remains projected on che retina. In other words, it takes time
to see (detect) a given sized target at specific light levels. Under a
given set of atmospheric cunditions, the limiting factor for detecting a
target with specific perceptual and physical characteristics in the real
world is the visual acuity of the observer. As visual acuity varies from
near peirfect vision, the degrading atmospheric and target factors interact
te produce increasingly poor target detection and identification perform-
ance. Duntley (1948) offered an equation that gave the probability of de-
tecting a target at or near threshold as a function of all the above men-
tioned factors (except shimmer) plus several others, such as target range
and altitude, and several constants. The point in this discussion is that
the visual target detection environment is very complex, and as mentioned
earlier, very difficult to represent in any type of simulation other than
an iconic model,

Simulation Presentation of Visual Variables

But not all iconic models are appropriate, given the imvortance of the
critical atmospheric factors that degrade detection, identification and
tracking performance--particularly the effect of shimmer, varying contrast/
ratios and amounts of illuminance. Two dimensional iconic simulations us-
ing motion pictures can present a fairly high fidelity representation of
the real world, capturing much of the atmospheric and target conditions
that must be represented. However, instead of the visual acuity of the ob-
server being the limiting factor in the visval problem, the resolution of
the projected images becomes the determining factor for detection and
identification tasks. The available resolution in films varies with the
quality and speed of the film. Some films have resolution capabilities
better than the eye, but is relatively expensive. The less expensive films
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have a rezolution level below that of the eye. But regardless of the film
quality, the primary problem with photographic images is that amount of in-
formation available about a target image is fixed. Additional information
cannot be obtained by using magnification (neither by projection lens nor

by binoculars). With reference to the visual acuity of observers, operators
with bigher levels of visual acuity can obtain no more information from a
photographic image than can the operators with 20/20 visual acuity. This
problem could reduce the generalization of detection and recognition results.

The resolution ability of the eye takes at least two forms. First,
the minimum detectable acuity--the smallest target the eye can detect--is
less than ten seconds of arc. Second, the minimum distinguishable acuity
(the ability to detect irregularities in form, shape or contour) is 40
seconds of arc. The computer generated images in the USAF simulators at
Williams AFB, AZ, has a minimum resolution of six minutes of arc. A CRT
with a 60° diagonal field of view gives a minimum resolution of four minutes
of arc. Although motion picture film can have a resolution that approaches
the eye, two problems other than the one mentioned above exist. These prob-
lems are not with the film but rather with the projection lens and surface
upon which the image is projected. The lens cause various kinds of distor-
tion, as does the projection surface.

Understanding the limitations of the visual systems has always been a
central problem of display research. As inferred in the previous paragraph,
strong technical and thus economic constraints must be overcome to signifi-
cantly improve the quality of the projected image in two dimensional repre-
sentations of the real world. Improvements must take the direction of
matchiing the performance of the display to the visual requirements of the
observer. This direction follows from an analysic of predicting what an
otserver can see when he views a display. This is what Duntley (1948)
attempted theoretically with his detection equation. Autonetics has re-
cently conducted some detection research in which they emphasize that the
design and specification of displays are a function of knowing what per-
ceptual effects result from a specified set of visual system conditions,
exactly the simulation design problem in our research.

Summary

The design of facilities for the purpose of assessing operator per-
formance has received little attention. Where simulation has been used,
the focus has been primarily on the design of training facilities and de-
vices. The training orientation has been to represent critical context
and task elements with as high a fidelity as possible within economic con-
straints. Physical/engineering fidelity has been emphasized although psy-
chological impact has received some theoretical attention. From an
assessment-of-performance poiut of view, the human factor considerations
discussed above should drive the design of the measurement system in order
to obtain valid, generalizable results. Engineering factors are important
ouly in terms of their role in generating accurate performance assessment
results under critical job conditions. Therefore, the position of this
paper is that the degree of fidelity in the SIMFAC simulation should be
based upon man's perceptual requirements. There should be perceptual
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equivalence to the operational environment. All other things equal re-
duced engineering and physical fidelity with attention to cost considera~
tions are desirable when it can be demonstrated that measure accuracy is

not compromised.

This orientation, the perceptual focus in the design of a measurement
system, is concerned with what is represented at the display and control
interfaces so that measurement accuracy is maximized. This requires an
analytical input about what perceptual details of the operational environ-
ment must be represented in a simulation to provide for performance meas-
urement fidelity. The failure to represent a single critical element,
feature or input may destroy the credibility of the results of measurement.
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CARTER, RICHARD J., Army Research Institute for the Behavioral and Social

Sciences, Ft. Bliss, Texas.

PAPER-AND-PENCIL TESTING OF SEOMETRIC RADAR SYMBOLS (Wed P.M.)

Background

Every Army, radar-assisted air defense system has a unique set
of geometric symbology. These sets not oinly have different symbols,
but, when identical shapes are employed in different systems, they
represent diametrically opposite and contradictory information. A
need exists for a standard symbology because symbol confusion takes
place when personnel must be retrained and reassigned to 'new"
systems.

During the first step in the research, shapes were identified
which are stereotyped with the meanings friendly, hostile and
unknown. Symbol sets of three and five symbols were put together
based upon the results and tested in step 2.

Paper-and-Pencil Testing (Step Two)

The objective of this step, two experiments, was to find sets
of symbols which can be easily discriminated and quickly reacted to
in a paper—and-pencil mode. Radar console operators from Ft. Bliss
searched for and marked through with a china marking pencil
designated symbols in a field.

The field approximated a console screen at a moderate
saturation level. A north-oriented 900 sector was plotted on 8x
10 1/2-inch white paper with X,Y coordinates located for 25 symbol
positions. Ten sheets were arranged, using the sector as a
blueprint, for each symbol set.

Reaction times and the number of erors of omission and
cowmmission were vrecorded for each subject. Repeated measures
analyses of variance and Newman-Keuls tests were performed on the
reaction time data. Chilsquare statistics were used on the error
data.
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PAPER~AND-PENCIL TESTING
OF GEOMETRIC RADAR SYMBOLS

Richard J. Carter

US Army Research Institute For The Behavioral and Social Sciences
L Fort Bliss Field Unit
= PO Box 6057
Fort Bliss, Texas 75916

e INTRODUCTION

;g Each of the following US Army air defense systems has a unique set of geo-
= metric symbology for display use:

8 a. AN/TSQ-51

4 b. AN/TSQ-73

e c. Nike-Hercules

o d. Hawk

fig e. PATRIOT

oy f. Roland

i g. DIVAD Gun

i{ These sets not only have different symbols, but, when identical shapes are

R employed in different systems, they represent diametrically opposite and con-
B tradictory information. For example, a circle may represent a friend in one

§f system, and a foe in another,

é% As long as a radar console operator continues working with only one system
2 the different symbologies cause no problems. However, when personnel are well
2 trained in a system and then retrained and reassigned to a new system, as an-

cestorial systems are replaced, symbol confusion takes place.

Bergum and Burrel (1964) and Davis (1968) recommended that a standard symbo-

2 logy be adopted for employment across all Army radar air defense systems. The
: Army Research Institute's Fort Bliss Field Unit has initiated research aimed at
. fulfilling this requirement.

g, The first step in the research (Carter, 1979) was aimed at determining

P whether or not particular shapes exist in our population as stereotypes for the
53 meanings friendly, hostile, and unknown. One hundred military fire control

4 crewmen, 50 Hercules and 50 Hawk, sorted 60 cards into four categories. Each
; card had drawn on it a shape which was chosen either from symbology currently

in the Army inventory, or symbol sets associated with systems in the procurement
cycle, or simple shapes which have been used in discriminability studies and
which can be generated by current hardware for presentation on cathode-ray

tubes and/or plasma displays. The four ca.egories were friend, hostile, un-

. known and other.

%» Stereotyping was found as follows:

;f a. The heart, 5-pointed star, flag, and circle are associated with the
g friendly meaning.
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b. The swatstika, collapsed square, and X are associated with the hostile
meaning.

c. The question mark is associated with the unknown meaning.

Symbol sets of five (two friends, two hostiles, and one unknown) and three
(one friend, one hostiie, and one unknown) members were put together based upon
the results of the stereotyping survey. They were tested, via two separate
experiments, in a mixed display which approximated a console screen at a moder-
ate saturation level.

- METHOD

Subjecis

Sixty military subjects (Ss) from the US Army Air Defense Center at Fort
Bliss, Texas participated in this phase of the research. They possessed either
the 16E, Hawk Fire Control Crewman, or 16J, Defense Acquisition Radar Crewman,
M0S. Half of the Ss were used in Experiment 1; the others in Experiment 2.

Apparatus

The stimuli were a heart (1), 5-pointed star (2), flag (
collapsed square (5), X (6), question mark (7), and 6-sided U
1, symbols were arranged into six sets as follows:

3), swatstika (4),

)
(é). In Experiment

a. 1, 2, 4, 5, 7 d. 1,2,5,6,7
b. 1,2, 4,5, 8 e. 1,3, 4,5,7
c. 1,2,4,6,7 f. 2,3,4,5,7
Eight sets were put together for Experiment 2. They were:
a. 1, 4,7 e. 1,5, 8
b. 1, 4, 8 f. 2,4, 8
c. 1,5,7 g. 2, 5,7
d. 2,4,7 h. 2,5, 8

A set of specific practice symbols was assembled for Experiment 2. This set was
comprised of a circle, square, and rectangle.

A north oriented, 90° sector was plotted on 8 X 10 1/2-inch white paper
with X, Y coordinates located for 25 symbol positions - only 24 were used in
Experiment 2. Fifty pages (27 for Experiment 2) were randomly arrangec, using
the sector as a blueprint, for each symbol set. Each symbol appeared either
4, 5, or 6 times on a page (7, 8, or 9 in Experiment 2) and twice in each pos-
ition within ten pages (3 times within nine pages in Experiment 2). The
symbols were drawn as large as possible, but dimensions were varied so that
each symbol could be encompassed by a 1/4-inch circle. The pages were insert-
ed into clear 9 X T1-inch document protectors and placed i1n looseleaf binders by
set. Each binder also had blank sheets to divide the instrument into blocks of
ten (nine in Experiment 2) pages. The 1coseleaf binder for practice in Experi-
ment 1 was made up of ten pages from each one of the six sets. Examples of pages
for five and three member symbol sets are pictured in Figures 1 and 2, respective-

1y.
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Other materials included china-marking pencils and stop-watches.

Procedure

Each subject was handed the looseleaf binder, containing the practice
pages, and a china-marking pencil. The experimenter assigned a symbol as the
"terget" to be searched for and instructed the S to turn the front cover at the
word "Go", and to find and put a line through all the representations of the
designated symbol on the first page with his marking pencil. Each subject was
told to pursue this routine for each succeeding page until he reached a blank one.
This procedure was repeated for a symbol in each of the six sets (all three symbols
in Experiment 2).

After practice was complete, each S was tested on the six sets (eight sets in
Experiment 2} in a random order, following the process that was used with the
practice material. The experimenter recorded reaction time to the nearest 1/10
ot a second and errors of omission and commission for each block of pages.

RESULTS AND CONCLUSIONS

A Box test for homogenity of variance arnd covariance was performed on the
reaction time data from both experiments. The obtained values of B were noet
significant at the .05 level.

The mean reaction time in seconds for a biock of pages (symbol reaction
time) was computed for each symbol. These times are presented in Table 1. Time
to complete 50 pages (27 in Experiment 2) - total reaction time - was averaged
for each symbol set. They were:

Experiment 1

a. Set 1 --217.4 d. Set 4 -- 212.2
b. Set 2 -- 207.7 e. Set 5 -- 209.3
c. Set 3 --217.6 f. Set 6 -- 207.3
Experiment 2
a. Set 1 --123.2 e. Set5--114.8
b. Set 2 -- 116.5 f. Set 6 -- 119.8
c. Set 3 --124.6 g. Set 7 -- 116.%
d. Set 4 -- 126.0 h. Set 8 -- 1